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PREFAf.'E TO THE FOURTH EDITION. 


l o ilio liist edition of tliis work thoro sliould have been 
prefixed ii definite indication of its origin; and the misap- 

preheiKsions that have arisen in the absence of such indica- 
tion ought before now to luive shown me tlie need of 
sii|)j)lying it. 

I’hougli referonee was made in a note on the first page 
01 tiu; original prehice, to oendain, Essays entitled “Prog- 
ress; its Law and Gause/’ atid “Transcendental Physiol- 
ogy,*’ as containing generalizations wliicli were to be ela1>- 
orated in. the 8ystciii of ’IdlTiiosopliiy’’ tliere set forth in 
piogianune, yet too dahhs oi tluhse Essays were not given j 
nor was there any indication of tluur cardinal importance 
as containing, in a brief form, tlie general 'Tlieory of Evo- 
lution. INio clear evidence to the contrary standing in the 
way there luis been very generally uttered and accepted 
th{^ beliel tliat tliis work, and the works following it, orig- 
inal(.Hl ai tcu*, and I'esulted Irmn, tlie special doctrine con- 
tanha! in Mr. Darwin’s "Drigin of Species.” 

I'he Essay on “Progress: its faiw and Cause,” coexten- 
sive in the theory it contains with Chapters XV., XV.L 
XVIL, and X.X. in Part IL of this work, was first pub- 
lislMsl in tlie Wcsimiiider for Ajiril, 18o7; and the 

es.^av in wiiifli is bridly set forth the general truth elab- 
fM’ab!<{ in (Chapter ,\IX. origiiially apjKHired under the 
tiilo of ** 'Lhi‘ intimate Laws of Physiology,” in the Ah- 
iiiuitd lii'iuriv ior Dotolier, lSo7. hhirtliei’ I may point out 
tiialju the first edition or“'’l’he Principles of Psyelioh 
og\\ puhlislnyl in duly, I Son, meutu! pluMiomeiia are in- 
ierprotf'd mitirely from tlie evolution |>oint of vi(,:w; and 
ijm worils us(h 1 iu tlu^ titles of sundry cjliapters imply the 
pri!S(un*e, a,t tliat date, of ideas more widely applied iii the 
ivssoys just mimed. As the first. (h 1 itioii of “ The Origin of 
J*5j)ecie.s” diil not make its appearance till October, 1859, 'it 
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is manifest that the theory set forth in this work and its 
successors had an origin independent ot, and prioi to, tliat 
which is commonly assumed to Imve iinlnited it. 

Tlie distinctness of origin niigld, indeed, have hccn in- 
ferred from tlie work itself, which deals witli Lvidntion at 
large— Inorganic, Organic, and Siiiier-iirgann— in tiTins 
of Matter and Motion; and touches but brielly on t iohi 
particular processes so luininonsly exliibited by rir. ai- 
win. In § 150 only (p. 447), when dlustraling th.‘ law .d 
“The Multiplication of Ellccts,’’ as universally dis.p.a.M'd, 
have I had occasion to refer to the doctrine set torih in t in' 
“ Ori'dn of Species:'’ pointing out that the general cause 
I had"’ previously assigned for the produetion id' divmgm 
varieties of organisms would, i-iot miVuv. (o aoemuii lor ail 
the facts without that special (^mise (lisclosed In' Mr. Dar- 
win. ^rhe absence of this passage would, ot counsg 
leave a serious gap in the general argunieui; but the re- 
mainder of the work would stand exactly as il now tloes, 
1 do not niake this explanation in the l)elier iliat llie pn*- 
vailiiig misapi)rehension will tliereby soon be ri‘efiri(*d; lor 
I am cnnsc^ious that, having iHiconie eiirrcnt, u roug ihc* 
liefs of this kind long persist— all disproofs noiwithsiand- 
ing. Nevertheless, i yield to j;he suggestion tJuit, mdcss 
I state tlio facts as tlicy stand, I slia.il contirnu^ to ciMtiite- 
nance tliG misapprehension, a-nd cannot exiH*ct it to ecusc* 
With the exception of uriimportant changes in one of tim 
notes, and some typogra,phicai corrections, ilic fnxi of this 
edition is identical with that, of tlie last. 1 inive, liow- 
ever, added an Appendix dealing with ('criain criticisms 
that have been passed npoii the general inrmula. «d Ixvo* 
Intion, and upon the philosopliicul doctrine winch pro* 
cedes it. 

May, 1880. 
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The present volume is the first of a^ series designed, ki 
unfold the principles of a rienv |>hi!(>so|d|y-' It is ilividgil 
into two parts; 'the aim of the first being to determine the 
true sphere of all rational investigaiion, and of the* seianid, 
to elucidate those fimdamental and universal principles 
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wliieli science has eskiblished within that sphere, and 
w!ii(‘h arc to constitute the basis of the system. The 
schoMie of truth developed in these First Principles is com- 
plete in itself, and has its independent value j but it is de- 
signed l:)y the author to serve for guidance and verification 
in tlie construction of the succeeding and larger portions 
of his pliilosoplnc plan. 

Having presented in his introductory volume so much 
of tlui genei'al principles of Piiysics as is essential to the 
developrueut of Ills inetliod, Mr. Spencer enters upon the 
sul)j(a*.t of Organic Nature, The second work of the series 
is to 1)0 the Privuviplcs of Biology — a systematic statement 
of the facts and laws which constitute the Science of Life. 
It is not to 1)0 an encyclopedic and exhaustive treatise 
upon this vast subject, but such acompendious presentation 
of its daf.a and general principles as shall interpret the 
nudliod of nature, alTord a clear understanding of the ques- 
tion involved, and prepare for further inquiries. This 
work is now published in quarterly numbers, of from 80 
to l)f> ]){igos. Four of those parts have already appeared, 
au(l sornc idea of the course and character of the discus- 
sion nuiy be formed ])y observing the titles to the cliap- 
t.ers, whicdi arc as follows: 

Ib\UT Fiust; I. Organic Matter; IL The Actions of 
Forces on Organic Matter; IIL The Reactions of Or- 
ganic Matter on Forces; IV. Proximate Definition of 
Life; V. The (Jorrespondence between Life and its Cir- 
curnstiinccs; VL Tlio Degree of Life varies with the De- 
gree of Oorrespondeneo; VII. Scope of Biology- Pabt 
He(M)NI): 1/ Growth; IL Developmont; Function; IV. 
Waste ami Repair; V. Adaptation; VL Individuality 
VU. Gmiesis; VIIL Heredity; IX. Variation; X. Gen- 
<‘sis, limpidity, and Variation; XL Classification; XIL 
Distribution. . 

Ibdiiciplos of Biology will be followed by the Prm- 
ciiilcsof Psychology; thatris, Mx, Spencer’ will pass from 
the considenition of Life to tlie .study of Mind, This sub- 
jeid, will f)c regarded in the light of the great truths of 
liiology pixeioimlycistahlished;’ the connections of life and 
iiynd \vill be traced; the evolution of the intellectual fac- 
ulties in their duo succession, and in correspondence with 
tlui conditions of the environment, will be unfolded, and 
the wholt*. Hiil)ject of mind will be treated, not by the nar- 
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row metaphysical methods, Tait in its {n’oadi'st m 

a phase of nature’s order wliicdi can only efiniprcliciuhxi 
in the light of her universal plan. 

The fourth work of tlie series is Hociologv, or fhc sci- 
ence of human relations* As a multi (luh,^ is but. an as:x*in- 
biage of xmits, and as the (duirauhvrisi.ics of a, rnullttutie 
result from the properties of its units, m social ixhcnnJiiicTia 
are consequences of the natures of indivifliiaJ imm* liioP 
ogy and Psychology are tlie two great keys to llu* kmnvl- 
edge of humaii nature; and heiuH! from Mr. Spenci-r 
naturally passes to tire subject of 8o(‘ial Scimua*. I’lm 
growth of society, tiro conditions of its lntcl!iM'l ual and 
moral progress, tire devclojnuent of its various aciivitics 
and organizations, will be iiere d(‘ScivilKnU a. staliancn!. 
made of those prin<n|)les whicli are essmrtial to tiu' success- 
ful regulation of so(‘ial alTairs. 

Lastly, in Part l^hfth, Mr, Spencer propost^s b> consiricr 
the priiuaples of Morality, d1tc. truths farnislHni by Plol- 
Ogy, Psycliology, a, ml Sociology will lx* Ircrc brongiii to 
bear, to deteriniuo corre(*t rules of luiman action, fix* prin- 
ciples of private and pulilic justice^ and to form ii true 
theory of right living. 

The reader will obtain a more just idcaoxf the extent 
and proportions of Mr, Spencer’s |)lrih*sopliif 5 piaii, Iw 
consulting his prospectuB at tlie close of tire voliime. It 
will be seen to embrace a wide range of to|iif*s, but in ilu! 
present work, and in his profound and original vrdfiiin'S oii 
the ’‘Principios of Psycliology and Social Statics,** us 
ako throiighout his nnmerous Essays and Discussions, we 
discover that lie has already iYiiwvml ulinosl ibe entiri! 
field, while to elaborate the whole into one (‘onncfCed ami 
organized philosophical selierne is a work wdl suiird ic» 
his bold and coni|)relieiisive genius, Witli a niela|diy^dcat 
acuteness equaikHl only by his irrimc^nso gras|i of t in* results 

piiysi(!ai sci(nice“---‘ali ke^ nnuarkalrle lor Ids |>ri>fcii}|f| 
analysis, constructive aJiility, and iiower of Imrid and forci* 
ble statement, Mr. Sj)eneer lias luire endowment's for the 
task ho has undertaken, and cun hurdlv fail to fuiiboflv iii 
luB system the largest scieutiih^ aJid |d^ilos*»phicaii tmaien- 
cies of tile age.' 

As ^ the volume is a workingourt of iir{ivixrMil 

principles to he snbseipumtly applied, ii is pixdiably of a 
more abstract; character than will lie tire >'ub;sixjin»nt wnrks 



' FREFA-CE TO THE AMERICAN EDITION. ' ' 'ix 

of the series. Tliediscussioiks strike down to tlieprofound- 
c‘st Inisis of hiiman thought, and involve tlie deepest ques- 
tions upon which the intellect of man has entered. Those 
nnacti'.usionicd to close metaphysical reasoning may there- 
fort5 iind, parts of the argument not easy to follow, ai- 
thoiigli it is here presented with a distinctness and a vigor 
to be found perhaps in no other author. Still, the chief 
portions of the book may be read by all with ease and 
))iea.siir(>, wliile no one can fail to be repaid for the persis- 
tent eifort tliat maybe required to master the entire ar- 
gument. All who iiavo suHieient earnestness of nature to 
take interest in tlioso transeendent questions which are now 
OfHUijiying the niost advanced minds of the age will find 
thern, luvre considered with unsurpassed clearness, origi- 
nality, and power. 

ddupiii vigiwating infiuence of philosophical studies upon 
tlie mind, and tlieir consequent educational value, have 
bi^mi long recognized. In this point of view the system 
hero presented has high claims upon the young men of our 
country, — embodying us it does the latest and. largest results 
of |)osfiave science; organizing its facts and principles 
upon a natural method, which places tliem most perfectly 
in {‘oinmand of memory; and converging all its lines of 
inquiry totlioeiidof a liigh practical beneficence-— the un- 
folding* of tliose laws of nature and human nature which de- 
tmm i fio {.)erso,nal welfare and the social polity. Earnest and 
reveriml^ in ttunper, cautious in statement, severely logical 
and yed- j>resfmtiug his views in a transparent and attrac- 
tive HtybrwhicJi combines the precision of science with 
irmriy of tlie graces of light composition, it is believed 
tliut tlio thorough study of Spencer’s pliilosoplrical scheme 
wimld (‘ombine, in an unrivalled degree, tliose prime reqiii- 
sitiis of the liiglu.sst chIu (a, dfu'iu, a knowledge of the truths 
whieh it is most, important for man to know, and that sal- 
iifary disivijilino of the numtal faculties which results from 
their systemaiift ac(|iiisition. 

We say t he young men of our (miitriE for, if we are not 
inisiukc.n, It is here tliat. Mr. Spencer is to find his larg- 
est and jittest audienee. rriiere is Bometlring in the bold 
ImiaHlug of his fjucstions, in his earnest and fearless appieal 
to iirsi priiu.*i jiles, and in the |)ra(d:,ieal availability of his 
eoiielitsions, whicli is eminently suited to the genius of our 
peo|ile. It has been so in a marked sense with his work on 
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Education, and tliere is no reason wiiy it slionld nol; lu* so 
in an equal degree with Jiis other writings, 1 tun }> 

profound sympathy with the best spirit ol: our iiisliliit 
and tliat noble aspiration for the welfare and inqvrfiVf^nii’iit 
of society which can hardly fail to eomuiend Ihent i<» iIm* 
more liberal and enlightened portions of the American 
public. 


PREFACE TO THE SECOND EDITION. 

WnUK the First Edition of this work was |Hi}>lidied, f 
supposed that the generai theory sih- forth in its Second 
Part was presented in sometliing like a linislu*?! form; bui. 
subsequent thought led me to furthm’ (l(n«h>|»iiteuls of 
much importance, and diselosed the fact that tin' compo- 
nent parts of the tlioory liad be(‘n wrongly fuit iogcllicr. 
Even in the absence of a morci s|>ecial naison, I had dr-- 
cided that, on tlio completion of tlu‘ “ Prinoiph s of Ibnl- 
ogy/Mt would be proper tusnsptmd for a few mtmihs the 
series I am issuing, that I rniglit make tlie rc(|Mirc«i re* 
organization. And wlieii tlie tinu^ luul arri\(*<h tluvrc had 
arisen a more special reason, wliich forliadt* lu'silatitun 
Translations into tliO French and Piissian laiigtnig(*s 'WtU’r’ 
about to be made — had, in far*!, iKarn iaunmcnc<Mi ; and 
had I deferred the reorganization tlie r\‘ork woub! have 
been reprodueed witli all i t^s original i mpcrf«-ci imis. 
This will be a sudicient oxphuiaiion to iho, c wlio tia\c 
complained of tlie delay in the issue vf the Ihducipica of 
Psychology^' 

The First Part remains almost mitonchcf!: two verbal 
alterations only, on })p, 43 tind Ihk luiving lHi*n made to 
pi’event misconceptions. Part IL, iiowcvcr, is wlioHy 
transformed. Its *iirst cliaptcr, on ‘M^uws in f huamail," L 
omitted, with a view to the inclusion of it in one of Iho 
later volumes of tlie series, dhvo minor idiapir^rs disap« 
pear. Most of tlio rest arc transposed, in grmij'ts or sincivv 
And therg are nine new rdiapters itmlxMlying ilu^ fiirll/cr 

develoj )men ts, and serving to eondunc ilu,? pre 

chapters into a (^hangcal whole. Tim hdhnving coifciitc,1ri 
which tlie new chapters are marked by italics/ will give an 
idea of tlie trjinsfornmtion; 
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First Edition, 

Laws ii), Cieiica'al. 

Tij(‘ Raw of Evolntion. 

Th.f*. l.ia.w of EvoUitioii (con- 

tiDlIC'il) . 

Tile Gaii,s(''s of Hlvoliition. 

Matter, Motion, 

and Konjo. 

TIjo I ?iiIostnictibility of Matter. 
Tlu^ </oTitinuity of Motion. 

The i\.‘r.si.steuee of Force. 


Tlio C(,)rndat ion and Equiva- 
of Forces. 

Tln^ l,.)ire(‘iion of Motion. 

Tlw:‘ Elijtlnn of Motion. 


Tlie C'Joiuiitions essential 
Bvoiiition. 


Tin.^ Instability of tlie Homo- 

|4'C|:'lCOnH. 

T.1n* M'nliij'dication of EfTeets. 

I J i f b ‘ r< ai t i aid. on and in togi a- 
tioii. 

Ki|uilibra.tion. 

Stinumiry and CoiKdiision. 


Of coiirsf* Ibroiigliout; 


SECOND EDITION, 
Second Edition. 

PMlosoph y Defined. 

The Data of Philosophy. 


Space, Time, Matter, Motion, 
and Force. 

The Indestructibility of Matter. 
The Continuity of Motion. 

Tlie Persistence of Force. 

The Persistence of Relations 
an Long Forces. 

The Transformation and Equiv- 
alence of Forces. 

The Direction of Motion. 

Tile Rhytiim of Motion. 
Recapitulation, Oriticism, and 
RcconinienccMent. 
to Evolution and Dissolution 

Simple and Compound Evolu- 
tion. 

Tlui Law of Evolu-l 
tion. Re-ar- 

The La.w of Evolu- [ ranged 
tion (continued), f witliad- 
Tlie Law of Evolu- ditions. 

tion (continued) . J 
The Law of Evolution (con- 
cluded) . 

The Interpretation of Evolu- 
tion. 

The Instability of the Homo- 
geneouB. 

The Muiti plication of Effects. 
Segregation. 

E<|uilibration. 

JjLssohdlon. 

Summary and Conclusion (Re- 
written). 


this reorganized Second Part 
ttii* niiiiilHUV. of {.lu^ si*c(.ions Imvo been (.‘hanged, and l:ien(:‘e 
tlniHiMVlui the ‘Mh‘in(viple.s of Ibology," in which 

many rafarmacH arc made to passages in First Prhiei- 
pins/’ woiiid 1 h* in('()nv<jni(rru‘(.Hl by tlie want of correspond- 
enci^ beiwc*mi tJu^ numbers of the secitioriB in tlie original 
edition and in the new edition, were tliey without any 
means of identifying the sections us now numbered. The 
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aniiexert list, sliowiiig which, a'ctJiin aiiswj.M's !*■.> which, in 
the two editions, will iner't the reqnin'iueid ; 
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os huv 
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-d whf^ 
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,it was jiossitiie: ain! ,heiH,‘e I' lit* <n'ncf. Ih-'' 

twecfii tile two eiliti^oic-; in inuiiy |i!urr,;w ovini whtO'’»' adj;i'* 
eeni })!igi,»8 im} 

Londm'h Ntmmher, 





acySTKXTB^ 


.PAirr 1. ■■THK r:'NKXr>'\VABrJv 

lAPTKE i»A(^lv 

l.—IlKTJiaoN AM'> S< 'IKNfi',:, 

II. Ci,;rrMA*rK I,i.>k.as, , , . , , 

lit. V^LTIMATK SmCNTlMi' IlUCAS HU 

IV. Thk <,?!•* Ali, m 

AV- TliK pK(,‘«>:xi'i{j,vn('*x, hu 

PAirr fi. Till*: ksowahuk. 

l.-A"*jni'.t>sr>riiY ...... |0;i 

IL-''AAjiAI.>aTa Of.* . t|*» 

III. Si*A<*K. MaTTP'H,, VlnTlox. .\Mf FnHri:, , „ P1| 

IV. lNi>f':sTKf'<:TUiii.4'rv <.»}'* MATTKii, , , . t■l:l 

'V. TriE i:’A,*xii'xr'iTY riK . . , . yvi 

’V' !. —Til i>: .I *i’:ijHis‘rKN ( hc of I‘V nu 1 %. i aK 

'Vn.' TffK pKtJSiSl’KNrK (»}•' Kl-;FATIt>XN A>f»':*XO , |IM 

III. 'riD* TKAXjA'’t,ii(M All* »x .\su Kvt'i VAi.FXfi-: t?F fAnF'’r:?a 
IX\-.AriiK Ttox Hi.' 5|oTIf>X\ ...... |.NP 

.X, TfiK I^^jrvTMM o'i‘‘ Mmtiox, 

K.i, ■■ -JilY *.,\F!’{'n.ATlMX\ c AX|» p|a"uA| iiSUcYf, ;f:|| 

-'lAVo|j,,.'j"i*}X 4 XI I . , „ , , 

y I , — 'SlAtFI.K AXF ("fjAlFfH'NO Kvuf.t :tli *%, . , 

IV'.-PFiy:: law ofJxvoix , . . , , 2Ui 


Xii TBEFACE TO TEE SECOND EDITTON, 

aiiBexed list, showing whicii section answers to which in 
the two editions, will meet the rtjquireineiit: 


First 

Edit. 

Second 1 
Edit. 

First 

Edit. 

Sf.‘cond 

Edit. 

First 1 
Edit. 

Si'cond 

Edit. 

First Second 
Edit. E«iit. 

First S<‘cond 
Edit. .CAiit. 

§43 §119 
44 117 


' 107 
108 

§72 

73 

§58 

59 

§92 

93 

§81 

82 

83 

§121 
■' 122 

§161 
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45 
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74 

60 
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125 
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69 
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46 
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110 
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53 
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151 
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83 

72 

112 

152 

132 

1 72 

^130 

64 

49 
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1 13 
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1 7 3 
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74 
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154 
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1 7-1 
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52 
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1 1 5 
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1 35 
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133 
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53 

87 

76 

1 16 
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1 1 6 

134 

68 

54 

88 

77 

117 

157 

1 ;]7 

( j 77 


135 

69 

55 

89 

78 

118 

158 


( 183 


136 

70 

50 

90 

79 

119 

1 59 

144 

193 


137 

71 

57 

91 

80 

120 

160 

145 

1 94‘ 
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FIEST PEINCIPLES. 



(IIIAFrEll I. 

KELIGIOK AKI) SCIENCE. 

§ 1. We too often forgot tluit nob only is tl lore “ ii soul of 
goodnc^ss in things evil,” lint v(vry generally also a soul of 
truth in things e,rroiu‘.ous. Whik^ niauy admit tlie abstract 
|)rol)a.l>iliiy t.hai a falsity lias usually a nncleiis of reality, 
few lanu* lliis alistract iirobahility in mind, when passing 
juclgnient on tlie opinions of others, A belief that is 
IlnaJly |)roved to lie grossly at variance with fact is cast 
asidct witdi indignai.ion or ({ontcmpi; and in tlio lieat of 
antagonism scai’cely any one iinpiires what there was in 
this Ix^lief wlrictli coinincnded it to men’s minds. Yet 
therii must liave 1)oen sornetliing. And there is reason to 
siispeet that this sornetliing was its corri^s|)ondene,e with 
certain of tlndir {‘Xjxu’ieiie.es: an ex, t»amiely limit, ed or vague 
<uMT(ns|H>n(l(me.e |)erl)a,ps; l)ut still, a eorrespoiidence. Kveii 
the ahsurdest I’eport may in nearly every instance bo trancd 
to an ai'tual <)(*(!rirenCi^ and luul tliero beeirnosucli actual 
oce.urrmiee, iliis pri^posterous nnsiavpresoni.atioii of it 
would nevtu' Imve (rxisi.ed. Though the distortocl or mag- 
:nifi(»d imagt^ trajismitt,(;d to us thi’ough, the refractiiig 
nu.’dium of rumor, is uit(a*ly unlike tlio reality; yet in 
the ahseina^. of t!n‘< laadity iJuun would have lieeu no dis- 
torted or inagniiied image. And thus it is witti human 
beliefs in geiieraL Entirely wrong as they may appear, 
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tlie implication is tliat tliey genniiuited out of actual ex- 
periences — originally contained, and pcrliaps still i'Outa.in, 
some small amount of verity. 

More especially may wo safely assunie tlvis, in tlio ease of 
beliefs that have long existed and are widely dilfused; and 
most of all so in tlie case of l)eliefs that are perenniai and 
nearly or quite universal. The ])resiunption tliat any cur- 
rent; opinion is not wliolly false gains in strengtli accord- 
ing to the number of its adherents. Admitting, as wo 
must, that life is impossible unless througli a, certain agree- 
ment between internal convictions and external (iriaun- 
stances; admitting therefore tlmt tlic ])rol)al)ili( ies are 
always in .favor of the truth, or a.t least tlie [lariial trntli, 
of a conviction; we must admit tlurt tlie eoiiviciious (uitcr- 
tained by many minds in common a, ro tlie inost likely to 
have some foundation. ''Ihe elirnirnition of individual 
errors of thought, must give to the nssulting jiiilgmerit a 
certain additionai value. It may i ndeiM { lx* urgc< I that in any 
widely spread beliefs are reocivcMl on anthorify; I hat. i hose 
entertaining them make no aiteinpts a.t vcrilioaiion ; and 
hence it may ho inferred that the muliitinic. (»l‘ aillnuatnis 
adds blit little to the probability of a belief. Ihit this is 
not true. For a belief which gains extensivo rcciv|)tion 
without critical examination, is thereliy prtnaal to liaxai a, 
general congruity with the various other lielicfs of tliose 
who receive it; and in so far as tlieso various other iHdicis 
are based upon personal observation a,nd judgmoid., ilicy 
give an indirect warrant to one with wliicli they Ijarriionizc. 
It may be tduit this warraiit is of small valine; hut still it 
is of some value. 

Could we reach definite views on tin's nuitter, they would 
be extremely useful to us. It is important timt wc'slronhl, 
if possible, form something like a general ilicory of cur- 
rent opinions; so that we may ncitlu^r over-t?sti mate nor 
under-estimate their worth. Arriving at cornud. jinlgrncnts 
on disputed questions, much depends on the attitude of 
mind wo preserve while listening to, or taking part in, the 
controversy; and for the preservation of a right attitinhq 
it is needful tliat we slionld learn how true, ami yet Itow 
untrue, are average luiman beliefs. On the om; liand, wc, 
must keep free fmm that bias in favor of received ideas 
whicli expresses il.sell: in such dogmas a,s “ Wliat isvery futc 
says must be true,” or “ The voice of the people is tlu)Voi«*e 
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of God.” On the otlier hand, the fiKjt disclosctV by a snr- 
v(‘y of the piist, tliat mtijovitics have usually been wiotig, 
luiist not liliiid ris to the complementary fact, that majori- 
ties have usually not been entirely wrong. _ And the avoid- 
ance of these extremes being a prerequisite to catholic 
thinking, we shall do well to provide ourselves with a safe- 
guard against them, by making a valuation of opinions in 
the alistract. To this end we must contemplate the kind 
of relation that ordinarily subsists between opinions and 
facts. Let us do so with one of those beliefs which under 
various forms has prevailed among all nations in ail times. 


8 ?. The earliest traditions represent rulers as gods or 
demhmds. l’.y their subjects, primitive kings were re- 
<rardi”l assuiKifluiman in origin, and superhuman iii power. 
They iiossessed divine titles; received obeisances like those 
made before the altars of deities; and were in 
actually worshipped. If there needs proof that the divine 
and half-divine characters originally ascnbetl to monarchs 
were ascribed literally, we have it in the fact that tlieie ait 
still existing sava,gG races, among whom it is held that the 
eliiefs and their kindred are of ecleatial origin, or, as else- 
where, tliat only the eliiefs have souls. And of course 
aiom^ with beliefs of this kind, there existeil a belief iii the - 
unlimited iiower of the ruler over his subjects-yan absolute 
pofficssion of them, extending oven to the their 

lives at will; us even still in b'iji, whore a victim stands im- 
bmind to lie killed attlioword of lus chief; Inmselt declar- 
‘‘ whatoA'cr tho kiag BayB miust bo doiio. 

Tn times and among races somewhat less barbarous, we 
find these heliefs a little modified. The monarch, instead 
of heimr literull V thouglit god or dem igod, m ooiiooi ved to be 

having iiviiiom.Lliori^g with 

of divine nalure. He retains, liovyever, as in the Lu^J to the 
nresent ibiy, titles cx|iressing Ins heavenly deseuit oi le- 

luirulile as those addressed to the Deity, tide the Ims 
and iiropertiesof his people, i f not praetioally so coinplttdy 
at his merey, are still in tlieory_ supposed to be Ins. 

Litter ill* tho proj4Mt>‘H ot civiUzaition, as diirnig the 
niid'dle a<ms in Fmroite, the eurrent opinions respecting the 
rPlatumship of rulers and ruled are further 
tho theory of divine origin, there is substituted that of 
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divine right. Fo longer god or denvigod, or oven god-<lo- 
scended, the king is now regarded as simply (lod's viee- 
gerent. ddie obeisances made to him are not so cAirciim* in 
their Iminility; and his sacred titles lose nnich of their 
meaning. Moreover, his aiitliority ceases to be niiliiiiiied. 
Subjects deny his right to dispose a-t will of tlioir lives and 
properties; and yield allegiance only in tlie sliape of obe- 
dience to his commands. 

With advancing political opinion has come still greater 
restriction of imperial power. Belief in tlu^ supertiatnral 
character of the ruler, long ago repudiated l)y onrselvi*s 
for example, has left beliind it notliing more than the 
popular tendency to ascribe uiiusnal gomim?ss, wisflom, and. 
beauty to tlie monarch., 'Loytilty, wliieh originally nn‘ant 
implicit submission to tlie king's will, now moans a merely 
nominal profession of subordination, and the fnliilnnmt nf 
certain forms of respect. Our ])olii.i(‘al pra.(‘f ice, and onr 
politicjal tlicory, alike utterly rej(ud tliose I’c^gal pi’erngatives 
whicli once passed unquestioned. By deposing soim*, and 
putting others in their places, we lia.vc not only diOHod flai 
divine rights of certain men to ruh‘; but we have dtmied 
that they have any rights beyond tliose originating in the 
assent of the nation. Thougli our forms of sjhhujIi and our 
state-documents still assert tlie sulqruttion of the eitiztrns 
to the ruler, our actual beliefs and our dally proecHHliiig^ 
implicitly assert tlie contrary. We oliey no laws save those 
of our own making. We have (entirely divested llu! 
monarch ^ of legislative power ; and ' slionid i mim.‘d iatidy 
rebel against liis or Iier exercise of such {lowcr, ev(?n i!i 
matters of tlie smallest concern. In Uruvl', the aiioriginal 
doctrine is all but extinct among ns. 

bNor has the rejection of primitive jmiitieaJ beliefs re- 
sulted only in transferring tlie autliority of an aiHomatt 
to a representative body, d'ho views entt^riainetl n^spt.u*!. 
ing governments in general, of wliatevcr form, an^ m>w 
widely different from those once entertained. WlnehtT 
popular or despotic, governments W(>re in aneienl, timers 
supposed to have unlimited authority over ilndr subjeets. 
Individ uals existial for tlio boneiit of the State; nol the 
State for the benefit of individuals, in oiir days, iioweViO’, 
not only has the national will been in imuiy cases soli- 
stituied for tlie will of tlie king; but the (exercise of f ids 
national will has been restricted to a much smaller s|ilicre. 
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In Eiigljrru'l, t<)r instance, tliougli there has been established 
no dcllnito Iheory setting Ixjiinds to governniental antlior- 
itjs veti, in practice, sundry boioids have been set to it 
whirdi are ta.eii-Iy recognized by all. There is no organic 
]a,w i’orinally doclari ng tliat tlio legislature may not freely 
(lispose ot the citizens’ lives, as early kings did when they 
sacsriiicixl hecatombs of victims; but were it possible fen 
our legislatni’c to attempt sucli a thing, its own destruction 
would !)0 the (M>nsoqiuaico, rather tlian the destruction 
of (iitizeiis. Ilow entirely we liave established the personal 
1 i bertries of tlui Hul)j(:a;;t against tlio inva,sions of State power, 
would be <|ui(!kly demonstrated, were it proposed hj Actoi; 
IkirliauHvut forcilaly to take possession of the nation, or of 
any (tlrjss, and turn its services to j)iil)lic ends; as tlie ser- 
vices of tln^ people were turned by primitive rulers. And 
sliould any vsta.iesmau suggest a re-distrilmtion of property 
smdi as wa.s sometimes ma(l(‘. in ancient democratic com- 
munities, ho woubi be met 1)/ a thousand-tongued denial 
of imperial power over individual possessions. Not only 
ill our day have tlucse fundamontai claims of tlie citizen 
l)een tluis made good against the State, but sundry minor 
cla-ims likewise Agi^.s ago, huvs rogulal.ing dress and mode 
of living fell into disuse; and any attempt to revive them 
would ])rove the current ojiinion to bo, tluit sucli matters 
lie beyond iho spliero of h‘.ga,l (‘-ontroi. For sonie centuries 
we have bemi asserting in practice, and have now estab- 
lisiual in theory, the riglit of every man to choose his own 
religious Ijeliefs, instead of receiving such beliefs on Btate 
a.utlioriiy. Witliin i.he last hnv gciiun'ations we have inau- 
guratiHl compietc lilMwiy of speeeli, in spite of all legislative 
att*mnpts to supiirijss or limit it. And still more recently 
wc^ luivi^ (d^um(^d ami finally (thtained, umhu’ a few excep- 
iionaJ r<‘stri(h,!ous, frtu'dom to trade with whomsoever we 
phaise. 11ius our polii/uad bt‘liefs are widely di iTercut from 
aiicieat oii(\4, not only as to the projKO* depositaa’y of power 
to be exercrised over a uaiion, l,mt also us to tlie extent of 
tliat j lowin'. 

Not evim licrc lias tlie cluuige ended. IhisideB the 
averagp opinions wbicb we ba-ve just described as eurrent 
annmg oursi‘hais, thor(‘ (;xists a less wirlely dilTused opinion 
going still furl.her in iJie sajiio direction, d’liere a;rc to be 
found men who i’onicml fhaf the splmre of g(>vermnent 
slionhl be mirrowcd evmi more tluui it is in England, ^rbo 
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modern doctrine that tlie State exists for the henciit; of 
citizens, wliicli has noAV in a great ineasin-e siij)p]aiif:(Mj th<^ 
ancient doctrine tliat the citizens exist for the Ixon'iit of t lu^ 
State, they would pusli to its logical results, 'hlicy hold 
that the freedom of the individual, Jiiniled only by thc^ 
like freedom of other individuals, is sacred ; and thaii i ln> 
legislature cannot equitably put furtlicr ;restri(dJons ti|M!n 
it, either by forbidding any actions which tlie law oi' (a|uai 
freedom j^ermits, or taking away any property save t ha t 
required to pay the cost of enforeing tliis law itself. 'They 
assert that tiie sole function of the State is the protcetJon 
of persons against each other, and against a fonn'gn foe. 
They urge that as, throughout civilizat.ion, the nianift^sf; 
tendency lias been continnally to extend the liliertJes of 
the subject, and restrict tlic fun(q;ionsof tlie State, thert* is 
reason to believe that the nltiinate poiilitail condition 
must be one in wliich personal frtHulom is the greatc'st |)os- 
sible and govornniental power the lea^st possible; thut, 
namely, in wliicli tlie freedom of each ]ia,s no limit l)ut tlu! 
like freedom of all ; wliiie tlio vsole goverrinionial duly is 
the maintenanco of this limit. 

Here, then, in different times and irlaces we find concern- 
ing tlie origin, authority, and functions of govc*rnnieni a» 
great variety of opinions — opinions of whicli the leading 
genera above indicated subdivide into countless sixuries. 
What now must be said about the truth or falsi ly of ihese 
opinions? Save among a few liarliarous tribes ilu^ notion 
that a inonarcli is a god or demigod is regarded thi'ouglmut 
tlie world as an absurdity almost passing tlie liounds of 
human credulity. In but few jilaces does tluuai survive a. 
vague notion tliat the ruler possessiss any supeniaiural atf ri- 
butes. Most civilized communities which still admit the 
divine right of governments have long siiuio !a>pudia.t(f«l 
the divine right of kings. Elsewliere the belief Jdiat tliercj 
is anything sacred in legislative regulations is dying out; 
laws are coming to be consideroil, as convmitionai only. 
While the exti’cme school holds that; govermiu^nts iiavi^ 
xieither intrinsic authority, nor can liave authority giv(*n 
to them by convention, but can |)ossess authority’ Onlv as 
tlie administrators of tliose moral jirinci ph‘s (h^d mu' bl* 
from the conditions essential to social life, i)]' these 
various beliefs, witli tlieir iniunerable modifh’jitions, must 
we then say that some one alone is wholly right and al' 
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tlio r(\st wliolly wrong; or mnst we say that each of them 
contains truth more or loss completely disguised by errors? 

latter alternative is tlio one which analysis will force 
u pon ns. Ridiciilous as they may severally appear to those 
not educated under them, every one of these doctrines has 
for its vital element the recognition of an unquestionable 
fact. Diiax'.tly or by implication, each of them insists on 
a (iert;aiii suljordi nation of individual actions to social re- 
(jiriremcnts. Ihiere are wide diiferences as to the power to 
wlucli this snbordiiiation is duo; there are wide diiferences 
as to i;he motive for this subordination; there are wide 
dinbren(‘.(is a,s to its extent; but that there must be some 
sul)ord illation all are agreed. From the oldest and rudest 
i(}(^a- ot allegiaiKHq down to tlie most advanced political 
theory of our own day, there is on tliis point complete 
unaiiimity. ^.hhougli, between the savage wlio conceives 
liis life and firojierty to be at the al^isoliitc disposal of his 
chief, and the anarchist who denies tlio riglit of any gov- 
ernment, autocratic or democratic, to trench, upon his in- 
dividual froetloin, tliero seems at llrst sight a.M entire and 
irreeoricilablo aiibigoiiisru; yet ultimate analysis discloses 
in tiuuu tlvis firiuhvrneutal comrniinity of opinion; that 
tiuvrti arc limiis wbicfi individual actions may not trans- 
grt^ss — limits which, the one regards as originating in the 
king’s will, a, ml wliiefi the other regards us deducible from 
tlici (xiiial eJairns of f(yilow-(?itizens. 

It may jierliaips at iirst sight seem that wo here reach a 
very unimportajit eoiie.lusion : riarncly, that a certain tacit 
assumpt/iou is equally implied in all these cmuflicting politi- 
c.al creeds — aii iissiiinption which is indeed of self-evident 
validity. 'The question, however, is not the value or 
novelty of tlie [lart ionlar truth in this ease arrived at. My 
aim has bemi to exliibit ttu) more general truth, which wo 
are apt. 'o ovm'iook, tliat bet.ween the most opposite beliefs 
t!nu*t‘ is usually someiliiug in cotumon— someth iug taken 
ojr grajduHl by cxudi ; and iluit ibis sometliing, if not to be 
s<‘t dnwn as a,n iiru|Viest,ionabh^ verity, may yet Ije considered 
to luive the liiglu^st (li\gnH> of probability. A postulate 
wliicb, lik{‘, ilu^ one above insiam^ed, is not consciously 
assort i‘d lait unconsoionsly involved; and wliich is un- 
eons<*iously involved not liy one man or body of men, but 
by nniiuvrous l)0(li<*s of men who diverge in countless ways 
and ih'greos in tlie renst of i.heir beliefs— has a warrant far 
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transcending any that can ho iisnally shown. And wlieti, 
as in this case, the postulate is abstract — is not bastMl on 
some one concrete experience cominon to all inttiikiiul, l)ut 
implies an indiiGtion from a great variety of cxperi(vnceSy 
we may say that it ranks next in certainty to the postulates 
of exact science. 

Do we not thus arrive at a generalization which, may 
habitually guide ns when seeking for the soul of trnt!i in 
things erroneous? While the foregoing illustration brings 
clearly home the fact, that in opinions seeming to he al)- 
solutely and supremely wrong something rigid; is yet to ho 
found, it also indicates tlie method wo should pursue in 
seeking the sometliing riglit. This method is to compart*, 
all opinions of tlic same genus; to set aside as more or It'ss 
discrediting one another those various speciaJ and cairK^reto 
elements in which such opinions distigree; toobscrvi^ wlnit 
remains after the discordan t consti tuents liave been 
eliminated; and to find fortiiis rciiiaining constituent t ha, t 
abstract expression wliicli lioids true throughout its divta*- 
gent modifications. 

§ 3. A candid acceptance of tins general principle, and 
an adoption of tlie course it indica-tes, will greaiJy aid us 
in dealing with those clironic antagonisms by wliitdi men 
are divided. Applying it not only to current ideas with 
which we are personally unconcerned, l)ufc also to our own 
ideas and those of our opponents, we shall be h*d to form 
far more correct Judgment. Wo sba.ll be ever ready to sus- 
pect that the convictions wo entertain are not wholly right., 
and that the advoi‘se convictions are not wliolly wrong. 
On the one liancl, we shall not, in common with ilu^ giaaat 
mass of the untliinking, lot our l>eliefs bo (l(d,,errriint!(i by 
the mere accident of birth in a particmlar age on a partierr- 
lar part of the Earth’s surface; and, on tlio otlicr band, 
we shall be saved from tlnit error of entire and coutemptu- 
ous negation which is fallen into l>y most wlio take up an 
attitude of i;ri<Ieperident criticism. 

Of ail antagonisnis of belief, the oldest, t.lu^ widi^st, the*, 
most profoinid, aiid the most important, is tliat IxrtwfMm 
Eeiigion and Science. It commcuujed wlicu the na-ogM i tmn 
of the simplest inriformities in surrounding things s(‘t a 
limit to the once universal superstition. It sliows itself 
everywhere tliroughout the domain of Ivuman kiiowlcdfog 
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alfecitvi iig mon ’s in tcM-pretations alike of tlie simplest 
incelianical accidents and of the most complicated events 
in tlie liistoi'ios of nations. It has its roots deep down in 
the diverse liabits of thought of different orders of minds. 
And tlie confficti ng conceptions of nature and life wliicli 
these diverse haliitsof thought severally generate influence 
for good or ill tlie tone of feeling and the daily conduct. 

An nncea.si:ng liattle of opinion like this, wliicli has been 
carried on throiighout all ages under the banners of Re- 
ligion iind Seienee, lias of e.ourse generated an animosity 
fa,tal to a just estinuite of either party by tlie other. On 
a, larger scale, a.nd nnire iii tensely tlnin any otlier contro- 
versy, lias it illustrated tliat perennially significant falile 
C()ii<!erning the knights wlio foiiglit about tlie color of a 
sliieldof wliicli neitlier looked at more tlian one face. Eacli 
(ioml)atanli, seeing clearly Ids own aspect of tlie f[uestion, 
has charged his opiionent with stupidity or dishonesty in 
not seeing tlie same aspect of it; while each lias wanted the 
(jandor to go over to Ids opponent’s side and find out liow 
it was tliat he saw cvcrytliing so differently. 

lta|)pily the times disjilay an increasing catholicity of 
feivliiig, wliicli wc sluill do \V(‘ll in carrying as far as our 
natures jiermit. In projiortion a,s we love truth more and 
vi(d;ory less, we sliall hecanno anxious to know what it is 
wldcJi leails our opponents to think as they do. We shall 
liegin to suspiict tfait the pertinacity of belief exldbited 
by tJieni must result from a pereeption of soinetliing wo 
liavc not pc‘r(Hvive(l. And we slui.ll aim to siipplement tlie 
portion of tnitli wc liavc found with tlie portion found by 
thenn Making a more rational estimate. of hiiman author- 
ity, we shall avoid alike tlie extremos of undue snlimission 
and. undue rebellioii— sludl not regard some men’s judg- 
lUi^nis as wlnilly good iuid oiliers as wholly bad; but sliall 
ratlicu’ lean to the more dofensilile position that none are 
complet(‘ly riglit and noue are eomplotely wrong. 

Prt‘serving, as far as may ht^, this impartiid altitude, let 
ns then cont.(*inpla.tc the. two sides of ilds grea.t contro- 
Vi‘rsy. K(H‘|>ing guard against the liias of educa.tion a.nd 
shntiiug out tiic wldspcriugs of sectarian feeling, let ub 
considiM’ what are the y/noH probabilities in favor of 
eacli party. 

, § 4. ^Wlien duly realized, the, general principle above il- 
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lustrated mnst lead ns to anticipate that tho div<‘rse forins 
of religions belief which have existed, and which st ill 
have all a basis in some tdtimato fact. J mlging l)y {umlogy 
the implication is, not that any one of tliein. is aitogctlicr 
right; but that in each there is something right more or 
less disguised, by other tilings wrong*. It may l)o that, the 
soul of' truth contained in erroneous creiids is viOT iniliki* 
most, if nob all, of its several embodiments; and imha-d if, 
as we have good reason to expect, it is miicli more ulistnict. 
than any of them, its unlikeness necessarily follows. Ihit 
however different from its concrete expressions, some t&a‘n- 
tial verity must be looked for. d’'o su|)pose thal» tlicsi? 
multiform conceptions should be one and all nhsolnfrlif 
groundless, discredits too profouTidly tluit avio’age Inumui 
intelligence from wliicli all our individual iutelligi'nees are 
inherited. 

This most general reason we shall find (mforca'd by ot her 
more special ones. To tlio presumption that, a numlicr of 
diverse beliefs of tlie same class have sonic ('ominon foimihi- 
tion in fact, must in this case lie added a fnrtJn'r prt'sum p- 
tion derived from the oiiniipresencc of the liciicfs. Iic- 
ligious ideas of one kind or other are aiinosi universal. 
Admitting that in many places tliere at'c trilies who Iiave 
no theory of creation, no word for a deity, no jiropiiialory 
acts, no idea of anotlier life; admitting that only wlicti a 
certain phase of intelligence is readied do the most rmli* 
mentaryof such theories make tlieir ajipearam'e — the im- 
plication is practically the same. (Jrunt that among all 
races wlio have passed a certain stage of iuiclhM*ttial de- 
velopment there are found vague notions coiManaslng the, 
origin and hidden nature of surrounding things, ami tluAre 
arises the inference that sucli notions an* maa^ssury jiroil- 
nets of progressing intelligenee. . l.,^hoir oiulh:;tss vuricl:y 
serves but to strengthen this conclusion: showing as it 
does a more or less independent gtnu:\sis— sluiwing how, in 
dilferent places and times, like conditions have IccJ to 
similar trains of thought, ending in analogous rcsnils. 
That tliese countless different, and yr*t allied, phcnoincMo,, 
presented by all religions are accidental ur factit ions, is un 
untenable supposition. A candid examination of tlic m i- 
dence quite negatives tlie doctrine maintaimai Iiy somig 
that creeds are priestly inventi'ons. liven as a, mcr<* (fiifs- 
tion of probabilities it cannot i*ationulJy be comdutlcd t hat 
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ill (‘Virry sociei^y, pJiHt and present, savage and civilized, 
certain ineinbers of the coininunity have comlvined to de- 
lude. t!u^ }‘(‘st in ways so a.nalogous. To any who ina,y 
alli'gc^ that some primitive \vas devised by some 

|>riniitivi^ priesthood, before yet nninkind Inid diverged 
froni ji, eoinnion centre, a, reply is fiirriislicd by philology; 
for philology proves the dispersion of rnaiikind to liave 
conirnenccHl Ix^fore there existial a language snfficientily or- 
ga,niz(*t1 to ex}>r<‘ss religions idciiis. Moreover, were it 
otherwisi^ itma-hle, tlie hypot.hesis of artilitaal origin, falls 
to a.econnt for iln^ faei»s. It doi‘S not explain why, under 
all cluinges of form, (a‘rtain elements of r(?ligious belief 
ronmin (‘onsf ant. It does not sliow us liow it liappens tliat 
wlrilo adversc3 (wii.ie.ism lias fi’oni age to ago gone on de- 
stroying |)articnlar thcM,)logi(jal dogmas, it lias n(,)t destroyed 
the fiimbnneivtal conception underlying tlieso dogmas. It 
leaves us withou t any solution of the striking ciiaaimstance 
tha,t wli(‘.n, fi'om tlie absurdities and corruptions acciimu- 
lated around them, national creeds liave fallen into general 
(lis(nx:MlitveTi(liiig ill iruliil'erentisni or positive denial, there 
lias always by and l>y arisen a re-assortion of tliem; if not 
the siiim^ in form, still tlio siinie in essence, ’'rims the 
nnivcrsjtlity of ridigions ide.a,s, their independent evolution 
jimong dilTcrent primitive raci^s, and tlieir great vitality, 
nniti* in showing i/ha.t their source must be deep-seated 
instead of suixudicdai. In other words, wm are obliged to 
admit, tluit, if not supernaln rally derived as tlic majority 
cont<‘n<l, t hey must lie d(*rived out of human experiences, 
slowly lUMnimulatt'd and organized. 

Slionld it lie assert ta I that religious ideas a, re products of 
tlie religions smitiimmt, whie.h, to satisfy itself, priunpts 
imaginations that. it. al't.erward projects intn tlie e.xteivnal 
world, and l*»y and by mist,a.kes for realities; ttie problem 
is not snlvi‘d, hut. only re.movrsi further baek. Wbetlier 
the wish is father to tlie thought, cr whetlicr seiitiimmt 
and idtsi havi* a. (auninon geiUNsis, there eijually arises the 
pnesiicn -Wliem‘e (auncss tin* siudtmentV ''rimt it isa (*on- 
siitnmd in mairs naiurt^ is implied by the Iiypotliesis; and 
cannot indcf'd In* deniisi iiy those who prehsr otlu^r hypo- 
t; It esc‘s. „A I nl if it n ‘ 1 i g i (y \ i s s< n,i t i i n ( u. i i, d i s ] ) 1 Uij tnl lial)!- 
tnally by t he maj<»rity of ma,nkim], aiid (iia^Hsioriaily aroused 
ill tlioso seemingly dmarid of it, must be ehissed 
iiinorig hmuan emotions, we eaiuiot rationally ignore it. 
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We are bonnd to ask its origin and its finictioTL Here is 
an attribute wliicli, to say the ieast, lias bad an erionnons 
influence — wliicli has played a coiuspicnioiis jjart i;firoii,irli(Hit 
the entire past as far back as Irisiory records, mul is ;it 
present the life of niiinerons instituiions, tlu‘ stiiniilns to 
perpetual controversies, and the proniptor of t'oinoh-ss 
daily actions. Any Theory of Tilings wliicli takes no 
account of this attribute, must, then, be extreniidy (jeft'ct- 
ive. If with no other view, still as a question in ifliilo- 
Sophy, we are called on to say wliat tliis attriluile imaiiiH; 
and we cannot decline the task without eonfessing our 
philosophy to he incompetent. 

Two suppositions only are open to us: ilu* oni^ iluit Hie 
feeling which responds to religious ideas n'sultefl, along 
with ail other human faculties, from an act of s|a»eia,l 
creation; the otlier that if, in eonimon will) Hu^resf, aro.»e 
by a process of evolution. If we adopt the ilrsl- of tiH-scs 
alternatives, uiiiversally iicee])tcd liy our aiu’csiors and by 
the immense majority of our ecrnternporarii^s, tla^ malter 
is at once settled: man is direeily oinhjwtui wlfh I la* re- 
ligions feeling by a creator; and to Hud; erea-ior if dt*- 
signedly responds. If we adopt the second alternative, then 
we are met by the questions — What arc tlie. (Ut’caiinstanees 

to which the genesis of the religious feeling is due? ami - 

What is its office? We are bound to entertain thesi* qucH-' 
tions; and weave bound to find answers to them. Con- 
sidering all faculties, as we .must on tliis suiqiiisif ion, to 
result from accumulated modifications eansed liy tlm in- 
tercourse of the organism with its cnivirraimenl, wa are 
obliged to admit that tliere exist in Hie enviroiiinent erT« 
tain phenomena or conditions which have defernuned f he 
growth of the feeling in question ; and so ar(‘ obi igerl f o ml * 
mit that it is as normal as any other faculty. ’ .Adil to 
which that as, on the hypothesis of a (levelojimeniof lower 
.forms into higher, tlie end towai’d whieli iln^ jirogressivo 
changes direeily or indircKitly hmd must be suhipiatiem to 
the requirements of existence; we are also foreiHl to infer 
that this feeling is in some way fiondnedvo to human wel- 
fare. Thus both alternatives contain the same idlinufli* 
implication. We must conclude that the redigious senti- 
ment is either directly croattid, or is c.reaf;ed *by the rlow 
action of natural causes; and whichever of these comdir- 
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sions we adopt requires us to treat tlie religious senti- 
ment with respect. 

One other consideration should not he overlooked — a 
consideration which students of Science more especially 
need to have pointed out. ’ Occupied as such are with es- 
tablished truths, and accustomed to regard things not 
already known as things to be hereafter discovered, they 
are liable to forget that information, however extensive it 
may become, can never satisfy inquiry. Positive knowd- 
edge does not, and never can, fill the whole region of pos- 
sible thought. At the uttermost reach of discovery there 
arises, and must ever arise, the question — What lies be- 
yond? As it is impossible to think of a limit to space so 
as to exclude the idea of space lying outside that limit ; so 
we cannot conceive of any explanation profound enough 
to exclude the question — What is the explanation of that 
explanation? Regarding Science as a gradually increasing 
sphere, we may say that every addition to its surface does 
but bring it into wider contact with surrounding nescience. 
There must ever remain, therefore, two antithetical modes 
of mental action. Throughout all future time, as now, 
the human mind may occupy itself, not only with ascer- 
tained phenomena and their relations, but also with that 
unascertained something which phenomena and their rela- 
tions imply. Hence if knowledge cannot monopolize 
consciousness — if it must always continue possible for the 
mind to dwell upon that which transcends knowledge; 
then there can never cease to be a place for something of 
the nature of Religion ; since Religion under all its forms 
is distinguished from everything else in this, that its sub- 
ject-matter is that which passes the sphere of experience. 

Thus, however untenable may be any or ail the existing 
religious creeds, however gross the absurdities associated 
with them, however irrational the arguments set forth in 
their defence, we must not ignore the verity which in all 
likelihood lies hidden within them. The general proba- 
bility that widely spread beliefs are not absolutely baseless 
is in this case enforced by a further probability due to the 
omnipresence of the beliefs. In the existence of a religious 
sentiment, whatever be its origin, we have a second evi- 
dence of great significance. And as in that nescience 
which must ever remain the antithesis to science, there is 
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a sphere for the exercise of this sentiment, we find a third 
general fact of like implication. We may be sure, there- 
fore, that religions, though even none of them be actually 
true, are yet all adumbrations of a truth. 

§ 5. As, to the religious, it will seem absurd to set forth 
any justification for Eeligion ; so, to the scientific, will it 
seem absurd to defend Science. Yet to do the last is cer- 
tainly as needful as to do the first. If there exists a class 
who, in contempt of its follies and disgust at its corrup- 
tions, have contracted toward Eeligion a repugnance which 
niakes them overlook the fundamental verity contained in 
it— so, too, is there a class offended to such a degee by the 
destructive criticisms men of science make on the religious 
tenets they regard as essential, that they have acquired a 
strong prejudice against Science in general. They are not 
prepared with any avowed reasons for their dislike. They 
have simjfiy a remembrance of the rude shakes which 
Science has given to many of tlieir cherished convictions, 
and a suspicion that it may perhaps eventually uproot all 
they regard as sacred; and hence it produces in them a 
certain inarticulate dread. 

What IS Science*? To see the absurdity of the prejudice 
against it, we need only remark that Science is simiily a 
l^igher development of common knowledge; and that if 
>.■ fience is repudiated, all knowledge must be repudiated 
along with it. The extremest bigot will not suspect any 
harm in the observation that the sun rises earlier and sets 
later in the summer than in the winter; but will rather 
consider such an observation as a useful aid in fulfdlinv 
the duties of life. Well, Astronomy is an organized body 
of similar observations, made with greater nicety, e.xtended 
to a larger number of objects, and so analyzed as to dis- 
close the real arrangements of the heavens, and to dispel 
our false conceptions of them. That iron will rust in 
water, that wood will burn, that long kept viaiids become 
putrid, the most timid sectarian will teach without alarm, 
as things useful to be known. Hut these are chemical 
truths Chemistry is a systematized collection of such facts, 
ascertained with precision, and so classified and generalized 
as to enable us to say with certainty, concerning each simple 
or compound substance, what change will occur in it under 
given conditions. And thus is it with all the sciences. 
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'^riiey severally germinate out of the experiences of daily 
life; iiisensibly as they grow they draw in remoter, more 
iiumeroiis, and more complex exjieriences ; and among 
tliese, tliey ascei'tain laws of de 2 )en(lence like those winch 
make np our knowledge of the most familiar objects. ISTo- 
wluvrc is it possible to draw a line and say — here Science 
begins. And a,s it is the function of coinmon observation 
to serve for tlie guidance of conduct; so, too, is the guid- 
ance of coiiducit tlie ofiice of the most recondite and ab- 
stnuit inquiri(3S of Science. Through the countless indus- 
trial prociesses and tlie various modes of locomotion whicli 
it has given ns, Idiysics regulates more completely our 
social IUm tliau does Iris acquaintance with the ])roperties 
ol; surrounding bodies regulate the life of tlie savage. 
Amitomy and Physiology, tlirougli their eifects on the 
practice of medicine and hygiene, modify our actions al- 
most as much as does our acquaintance witli tlie evils and 
benefits wliicli common environing agencies may produce 
on our bodi(3s. All Science is prevision; and all prevision 
tdtimatoly aids us in greater or less degree to achieve tlie 
good and avoid the had. As certainly as tlie per(3eption 
of an objcM't lying in oiir path, warns us against stumbling 
over it; vSo certa.iuly do those more complicated and subtle 
|)or(H*.])tions whicli constitute fScience warn us against 
tumliiiug over intervening obstacles in tlie pursuit of oin: 
distant ends. ''Jdius being one in origin and function, tky 
simplest form of cognition ami the most complex must be 
dealt with, alike. W(3 arc hound in consistency to receive 
the widest knowledge wliich our faculties can reach, or to 
rc^jeet along with it that narrow knowledge possessed by 
all. There is no logical alternative between accepting our 
intelligence in its entirety, or repudiating" even tliat lowest 
iut(diig(vii(:c wliitfh we possess in common witli linites. 

To a.sk tlie (|uestioii whicli more immediately concerns 
our tirgumeiit — wludvher 8e.ieuco is sulistanti ally true? — is 
mneli like asking wlietluu’ tlie sun gives light. And it is 
he<3ause they a.re conscious how iindeniahly valid are most 
of its projxjsitiious, that the iheologie.ail party regard 
8cie!ic<3 wiiJi so niucii s^icret alarm, '^ihey know tliat dur- 
ing the two thousand years of its growtli, some of its larger 
divisioris— Jiiatheinatics, physics, astronomy — have been 
sulijecd,. to f.hc* rigorous (.vriticism. of successive generations; 
and imve notwitiisiandiug become ever more firmly estab- 
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lished. They know tlnit, ivnliko nuiiiy of their own doe- 
trines, which were. one.e universally riHuviveil Init liave 
by age been more frequently (Milletl in question, t.lic doe- 
triini of Science, at first confined to a. few s<*af:tered in- 
quirers, have been slowly growing into genmul nt^vpiatm^ 
and are now in great part admitted as l>eyond iiis[nite. 
They know that men of science tliroughout iJie world siiIh 
;ject each other’s results to the most seaiad ring exainiria.- 
tiori; and that error is mercilessly exposed ami rc*jer‘ted as 
soon as discovered. And, tinallV, they know tliaf. still 
more conclusive testimony is to Ixvfound in tiu* daily vm*- 
ification of scientific predictions, and in^ ih(t iiever-eeasing 

triumphs of those arts wlrich Hci(nu'(‘. guides. 

To regard witli alicmation that whi<;h has suc-h high ere- 
dentials is a folly. Though in the tonti which in any of this 
scientific adopt toward them the defooders of licligien 
may find some exenso for their alienation; }‘c‘t tln^ (‘Xcuse. 
is a very insutlicient one. On the side of Sciime.e, as <jn 
their own side, tluw must admit that Bhori(‘<)niings in tln^ 
advocates do not tell essentially against i hat which is ad- 
vocated. Bcionco must be judged by itself; and so judgeq!, 
only the most perverted intellect can fail to si'C that it is 
worthy of a, 11 reverence. Bo tliere or ho ihero iiot any 

other revelation, wo have a veritalile revelation in Science 

a eontmuous disclosure, througii the ill^el!ig(ale(^ with 
which we are endowed, of tlie estalilislnai order id’ tlm 
Universe. This disclosure it is the duty of evfwy om* 
verify as far as in him lies; and, liaving vinnfied, receive 
with all humility. 

§ 6. On both sides of this great controversy, then, triitli 
must exist. An unbiased (ionsiduration of its giau’ral as- 
poets forces us to conclude that Eeligion, (nau;yw!':icni'V{vres- 
eiit as a weft running througii the warp of huni*m liist/ory, 
expresses some eternal fact; wilde it is almost n triiisni 
to say of ScioncG tliat"it is an organized nutss id* fai'is, 
ever growing, and ever being' more ecimpleiidy pirrilitsi 
from errors. And if botli have l:>asi‘s in the nadiiy nf 
tilings, tlien between them tliere nniist la; a fuiiilnnituilii! 
barmony. It is an incredible hyi'iothesis that tlierct arcs 
two orders of .truth, is absolute and everlasting o|>positioin 
Only on some Manichean theory, wliieli among' oiirselves 
no one dares openly avow, however much his beliefs iiuiy ho 
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tairiiocl bvii, tHSurh asupposition f‘Viai erUKa’i/vablta 

is (11 villi* and Sninn'o dialinlii’al, is a )>ro|tosi!i«)H 
vvliich, }hcai*i;li iMiplicd in many a rlarit’al d«'i'!aina} iniu umI. 
tin* nnist. vi‘hann*nl fanatln can bivin.a; liirnsrli’ di:7inrllv to 
assi'ft. And whoever do(‘S tad. aHseri ifus nnisi: adndr Miat 
under their seeming untagoiiisai lies hidden an entire 
agrc'C'inent. 

hlaeli sid(\ ilMa’oforcn has to reeogniw tin* elaiins id’ llm 
oilier as st:anding for i ruths that are not to he ignort'Mh 
'Me who eon{eni|)lates the I'ni verse frfim tin* ndigions 
j)(dnt of view must hairn to see that, lidswhi<:*h wt* eall 
8eit*ne(^ is one eonstitnent td' tin* great wdiole; and as sneh 
ought to 1)0 n'gas'ded witli a. seutiiueni lik(*that wtiieli tin* 
reinaiinler erodtss. While lie who e'oniemplates the uid- 
T(0’se from the seM'irlilie point of view must, learn to see 
tliat ill is which wa* call lieligion is similarly a «*onstifinmt 
of iln^ great wlioli*; and lH‘ing sneh, must lie treated as a 
Rnl)je(d/of Heiiun'o with no more prejudiee than any otimr 
reality. It helioves eaelt party to sf rivt* to nndersfmnl th(^ 
other, with the <a>nvi(‘t iiui tJiat tin* other has s;ometliing 
worthy to he understood; aini with the eonvietion lliat 
vvlien mutually r(‘eogni/.ed t his sonn*ihing will he tin* hasis 
of a eomplisle reeoneil iaiion. 

Ilow'’ to find this seiinetliing— how to n*(*oneiie tlimn, 
thus Ixaamies the ])rohli‘m which we should persevi*rifigiy 
tiy to solve. Ki>t to reeoneile t-hem in any narkesluft way 
—not to find one of those i*ompromises we luiir from t inn( 
ii). tinurprojiosed, whieli tlieir jiroposers innst.HeiuadJy feel 
are artilleial and tmnporary; hut to arrive at ilin terms (»f 
a real anil, permanent |M*a(*e lieiwtwn tlnam ddie thing we 
h awe to seek (uit, is tliat rdtiiuate truth whi<di hot h will 
avow wd.h alisolute sineerity— wit.h not ihe remoti'st nnno 

la! reservation, ddiere shall lie no i'nneessioH. -no yi(‘lding 

on (‘iiher side (»f seiin‘thing that will by and hy tn* reas* 
Siuded; hiii tlie eommon grmunl on whieli ila/y meid, shall 
Ik* one which eacdi will maintain for itself. We liawe f.«) 
diseov(*r souk* f!rndann*nta! vmaty whieli Ileligion udll as- 
st*rt, with ail ]H„>ssihle c*mphasis, in j.ln* ahsenee n! 8t,*ie,nee; 
ajul wlilcfi Seiraiee, with all I'jossihh* empliasis, will asse,rt 
in the uliscana* of !,i(*llgion— some fundanientul verity in 
the dcd’emsf.i of whieh (‘a<‘!) will find tlm ot.iier its a,lly. 

Or, (‘hanging ilie point of view, our aim must he to eo- 
ordinate* the seemingly oppomnj ounvielions wlu,e,ii lieiigion 
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and Science embody. From the coalescence of antagonist 
ideas, each containing its portion of truth, there alwap 
arises a higher development. As m Geology when the 
io-neous and aqueous hypothesis were united, a rapid ad- 
vance took place; as in Biology we are beginning to pro- 
gress through the fusion of the doctrine of types with the 
doctrine of adaptations; as in Psychology the arrested 
oTOwdh recommences now that the disciples of Kant and 
those of Locke have both their views recognized in the the- 
ory that organized experiences produce forms of thought; 
asun Sociology, now that it is 'beginning to assume a posi- 
tive character, we find a recognition of both the party of 
progress and the party of order, as each holding a tiuth 
which forms a needful complement to that held by the 
other; so must it be on a grander scale with Religion and 
Science. Here too we must look for a conception which 
combines the conclusions of both; and here too we may 
expect important results from their combination. ^ To 
understand how Science and Religion express opposite sides 
of the same fact—the one its near or visible side, and the 
other its remote or invisible side — this it is which we must 
attempt; and to achieve this must profoundly modify our 
general Theory of Things. 

Already in the foregoing pages the method of seeking 
such a reconciliation has been vaguely foreshadowed. Be- 
fore proceeding further, however, it will be well to treat 
the question of method more definitely. To find that truth 
in w’hich Religion and Science coalesce, we must know in 
what direction to look for it, and what kind of truth it is 
likely to be. 


§ 7. We have found a priori reason for believing that in all 
religions, even the rudest, there lies hidden a fundamental 
verity. AVe have inferred that this fundamental verity is 
that element common to all religions, which remains after 
their discordant peculiarities have been mutually cancelled. 
And we have further inferred ’ that this element is almost 
certain to be more abstract than any current religious doc- 
trine. Now it is manifest that only in some highly ab- 
stract j)roposition can ‘Religion and Science find a common 
ground. Neither such dogmas as those of the trinitarian 
and Unitarian, nor any such idea as that of propitiation, 
common though it may be to all religions, can serve as the 
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desired basis of agreement; for Science cannot recognize 
beliefs like these: they lie beyond its sphere. Hence we 
see not only tlnit, judging by analogy, tlie essential truth 
contained in Iteligion is that most abstract element pervad- 
ing all its forms; but also that this most abstract element 
is tlie only one in which lieligion is likely to agree with 
Bci (31100. ^ 

Similarly if w^e begin at the other end, and inquire what 
scientific triitli can unite Science and Religion. It is at 
once maniibst that Religion can take no cognizance of 
sp(3cial scientific doctiines, any more than Science can take 
cogirizaiice of special religions doctrines. The truth 
wliieh Scienc.o asserts and Religion indorses cannot be one 
furnisbcd by mathematics; nor can it be a physical truth; 
nor can it be a truth in chemistry; it cannot be a truth 
belonging to any particular science. No generalization of 
tlni plicnomcma of space, of time, of matter, or of force, 
can become a Religions conception. Such a conception, if 
it anywhere exists in Science, must be more general than 
any of tliese — iriiist be one underlying all of them. If 
there be a fact which Science recognizes in common with 
Religion, it must ho tliat fact from wdiich the several 
braiicdies of Science diverge, as from their common root. 

Assuming, then, that since these two great realities are 
eoTistituents, of tlie same mind, and respond to different 
aspects of the same Universe, there must be a fundamental 
harmony between them, we see good reason to conclude 
that the most abstract truth contained in Religion and the 
most abstract truth contained in Science must be the one 
ill wliich the two coalesce. The largest fact to be found 
within our mental range must be tlie one of wdiich w^e are 
in seai'cli. Uniting these positive and negative poles of 
linnnin thoiigiit, it must be the ultimate fact in our intel- 
ligein^e, 

§ 8. Ikifore proceeding in the search for this common 
duiium let nn^ l)(^s])eak a little patience. The next three 
(ilnipters, setting out from different points and converging 
to tiie same conclusion, will be comparativelynn attractive. 
Students of philosophy will find in them much that is 
more or less familiar ; and to most of those who are nnac- 
(|iuunted witli tlui litorafure of modern metaphysics, they 
may prove somewhat difficult to follow. 
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Our argument, liowever, ciuiiiot ilisiH-ii.'t' wiih 
chapters; and the greatness of the (|Ue. 4 i.ni at i-ii.' jie-ii - 
fics even a heavier tax on tlie ^ ain-iit ion. ! ... 

matter is one whieli concerns «ieh ami all ... n- inot. | 
any other matter whatever. 'I’hough it ah.-et.. n- hi ■ 
a direct way, the view we arrive nt must n,.n.n-.'t,v_m.. - 
us in all aur relations-— ninst deterinm.. onr eon, n .n •.! 
the Universe, of Life, of lluiiian 'Sa.t,ur.*_ imi.-i in! in n...* 
our ideas of rigid and wrong, ami so niodiiy onr eoiinn. ;i. 

To reach that point of view from wliieli ihe s.-.'iiun:;: 01 

cordanoe of iteligiou and .Seienee .lisapi...ar.N ami tin- 1 v.o 
merge into one, must eamse a revolutwn .d ihoiiL'lil tnu. 
ful in boriefieial eousequenues, and niosl; .surely I.e v...r!.,i an 

effort. , , , , 

Here ending preliminaries, let ms now addres.-! our.;.ei ..'.- 

to this all-important inquiry. 


CHAl’TEU 11 . 

ULTIMATK KELKStOl'S lUKAa. 

§ 0 . When, on the sea-shore, wo nolo how tlie liuHs "f 
distant vessels are hidden lielow the horizon, ami h.'ft, o! 
still remoter vessels, only tlie npitermost^ .sail.-: are 
we realize with tmerahle eleariies.s the slight eiirvature of 
that portion of tlie soa’.s_ surface whieii lies in-fore n:J. 
But when we seek in iinaginat.ion to follow out. thi.' .-tirved 
surface as it actually exists, slowly lH,.miing roiiiel until all 
its meridians meet m a point eight ihom-ami mi!. .- 
our feet, we find ourselves utterly hailled. We (•01111010011- 
ceive in its real form and magnitude even tlutt .small 
merit of our globe which extend.H a hundred iidlert on e\. rv 
side of us; n'mch less the globe as a whole, 'rie' pie r ..{ 
roel on wliieh we stand can lie mentally re]ir..e.|iic.i wiMt 
soil' (thing like completeness we find onr, -elves ah!.- 
think of "its top, its side.s, and its under .surfufe at sh.- .uim 
time; or so nearly at the same time tliul. they Keeut all 
present in consciousnes,s together; and so weeiin form whnl. 
we call a conception of the rock. But to tlo the like with 
the Earth we find imiiossible. If even to imiigiiie the an- 
tipodes as at tliat distant place in spaeo which it aetmilly 
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i)c<n}|)ieR, iH heyoiKl our [mwer; muc'li more beyond our 
powiu' must it 1)0 jit trlio 8 ;ime time to imiigine all other 
remoio points oii tlio biliirtli’s surface as in their actual 
plno(*s. Ii'et wo habitually speak as though we had an idea 
of thi^ Eartii— iis tliough wo could think of it the same way 
tiia.t wo think of minor objects. 

Wliat (•()ina!])tioiu tlion, do wo form of it? the reader 
may «ask. lliat its muno calls up in us some state of con- 
,s<!iotisnoss is uinjuoslvionable; and if this state of couscions- 
iu‘ss is not a c;oiic(V|)tion, properly so called, what is it? 
Idn* answcu* seems to bo i-his:— We have learned by indirect 
iTudlmds that tlie Earth is a spliore; we liave formed 
liiodiils a|)pr<)ximately I’eprosenting its shape and the dis- 
tribution of its parts; gorierally when the Earth is referred 
to, we cut her tlunk of an iiidefiiiitely extended mass be- 
noaili our feet, or else, leaving out tiio actual Earth, we 
think of a l)ody like a terrestrial globe; but when ■we seek 
to imagine tlio’ Earth jis it really is, we join these two ideas 
as well as we (i{ui — sncli perception as our eyes gives us of 
tlie Eartb’s Burfac^o wo eoui)lc witli the conception of a 
sphonu And tluis wo form of the Earlli, not a conception 
proptu’ly si> called, but only a symbolic concoption.’^* 

A largo proportion of our ' conceptions, including all 
tlinse <if'"’mu(*li graioraJity, are of this order. Great mag- 
nil lidos, groat (hirai ions, great ntimbers, are none of them 
acJnally concoived, but are all of them conceived more or 
loss symbolically; and so, too, are ail those classes of ob- 
jrcls*of which* wo predicate some common fact. When 
im niiou is ininlo of ’any individiiaLnian, a tolerably com- 
plctij idfai of liim is foriiiod. If the family lie belongs to 
hi* si»okou of, probably luit a part of it will be represented 
in thought; timlor the necossity of attending to that which 
ix ,.;i:d idiout tile, family, wo realize in imagination only its 
nH»st. i III |)orianti or familiar members, and jiass over the 
D'.'i wif ii a uuHcont consthmusuoss which we know could, if 
rci|!iisili% be rniuh? launpUdn. )SlK)nld scmetlung be re- 
nijiiioMl of ilm class, say farmers, to which this family he- 
l^Ull!>s wc neither cuunuM'aJo in thouglit all the iiulividuals 
eoiilaitied In the class, nor believe that wo could do so if 
riMiuired; hut we ant {•ouient with taking some low samples 
of it, ami rommiibiwiug that thoso could be iiidefinitely 

* with this tert^ perceive that it is 
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multiplied. Supposing the subject of wiiieli somctliirig’ is 
predicated be Englishmen, tlie answering state of eons(!ioiis- 
ness is a still more inadequate representative of tlie reality. 
Yet more remote is the likeness of the thoiiglit to the 
thing, if reference be inade to Europeajis or to liuiriau 
beings. And when wo come to propositions concerning tln^ 
mammalia, or concerning tlie wliole of tlie verteliratji, or 
concerning animals in general, or conc-erning all organic 
beings, the uniikeness of our conceptions to the objects 
named reaches its extreme, ''ll.iroughout wliich series ot 
instances we see, that as the immljer of ol)jc(rts gron jjcd 
together in thought increases, the cu)iice[)t, formc<i <)1 a 
few typical samples joined with tlie notion ot multiplicity, 
becomes more and more a mere symliol ; not onl}' iiccanse 
it gradually ceases to represent tlie size of the grou|), hnt 
also because, as tlie group grows more liatcvrogrvntMats,^ tlie 
ty|)ical samples tliouglit of are less like the a,verag<:^ oliject-s 
which the group contains. 

This formation of symbolic conceptions, wh'ndi imo'italjly 
arises as we pass from small and (concrete oljjitcts to largi^ 
and to discrete ones, is mostly a very useful, and indeed 
necessary, process. When, instead of tilings whosty aiiri- 
biites can be tolerably well united in a singie state of con- 
sciousness, we Iiave to deal with tilings whose aff rilmt.es are 
too vast or numerous to be so united, we must, cither <lrop^ 
in thought part of their attributes, or else not tliinlv of 
them at all— either form a more or lesBsyrril)f)li(ux)iH*(*pii(iii, 
or no conception. We must predicate notliing of olg‘ccts 
too great or too multitudinous to be mentally reprcscnt(‘d ; 
or we must make our predications by tlie lici|) of (extremely 
inadequate representations of sueli olijects— nurrci syndiols 
of them. 

But while by this ])rocess alone wa? are cnaliled to fiirrii 
general pro|)Ositions, and so to reaidi general c<HK‘hisions, 
we are liy tliis xirocess perpetually led into danger, and. vtrry 
often into error. We haliitnally mistake our syniiK»rn* con- 
ceptions for real ones; and so are ])e(;rayi?d iid<) conni 
false infercru^es. Not only is it that; in proportion as the 
concept we form of any thing or clas;s of things, inisrcpri‘- 
sents thc 3 reality, we are apt to be wrong in any assertiou 
we make respecting the reality; but it is that wc are liHl 
to suppose we have truly conceived a. grtnit variety <)f tldrigs 
which we have conceived only in this fictitious way; and 



FIRST PRINCIPLES. 


23 


fiirtlier to confound witlx tliese certain things which cannot 
1)0 conceived in any way. How almost nnavoidably we 
fall into this error it Avill be ixeedfiil here to observe. 

From ol)jects j’cadily representable in their totality, to 
those of whiclx wo cannot form even an approximate repre- 
sent, ation, tliere is an insensible transition. Between a 
pel)l)]e and tlio entire Eartli a scries of magnitudes might 
be inti’oduccd, each of which ditfered from the adjacent 
(axes so slightly that it wmuld be impossible to say at what 
])oiiit in tiie series om* conceptions of them became inade- 
f[nat,c. Hirnihirly, there is a gradiuii progressionfroni those 
groups of a few individuals which, we can think of as 
groups wiidi tohxraljle completeness, to tliose larger and 
larger groiipB of which wc can form nothing like true ideas. 
Wlionco it is manifest that we pass from actual concci^tions 
to symboiio ones by infinitesimal stops. Koto next that we 
are led to deiil with our symbolic conceptions as though 
tlic^y 'were actual ones, not only because we cannot clearly 
sojiarato tlxe two, but also because, iji tlie great majority 
of cases, tlie first servo our purposes nearly or qnite as well 
as the last — are simply the abbreviatcMl signs we substitute 
for those more ol;i, borate signs which are our equivalents 
for real objuris. Those very imperfeett representations of 
ordinary things wliic-h w<i haliitiuilly make in thinking 
\v(‘, know eu,n 1x5 <levtilopod into adequate ones if needful. 
Thos(5 <*oucepts of larger magnitudes and more extensive 
classics wliich W(5 ea.n not make adequate, we' still find can 
})(5 \a‘rifit‘(l Ijy some indirect process of measurement or 
(uiurner-aiioTi. A, ml even in the case of such an utterly in- 
coneeivablo olqeet as tlie Solar System, we yet, through 
the fulfilment of predictions founded on our symbolic con- 
i‘i‘pi ion of it, gjun tlie conviction that tliis symbolic con- 
cepf.ion st<‘im!s for an actinil existence, and, in a sense, truly 
t'Xprcs.-(\s (u‘i’i,ain of its (auistitucnt relations. Thus our 
syndtolir. comaqitions being in ihe majority of cases capable 
of <icV(‘loj)m(*nt into com phd:.(5 omss, and in most other cases 
serving as sttqis to conclusions which, are proved valid by 
iliidr corrcspondom'c with olistirvaition, we acquire a con- 
firmc«l habit of dealing with them as tnui couccjitions — as 
real r(‘|U'c.scnial,ions of actualities. Ixairning by long ex- 
thai, ilnw (*an, if lUKidful, be veritied, xve are led 
hal/n uallv to aeccj»t ilutm without verilhaitiom And thus 
Open i iic door t o sonu^ which profess to stand for kiiowii 
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things, but wliicli really stand for tilings that cannot be 
known in any way. 

To sum up, we must say of conceptions in general, tliat 
they are complete only 'when the attributes of tlie oirject 
conceived arc of such number and kind that tliey can be 
represented in consciousness so nearly at tlic same time as 
to seem all present together; that as the ol)jeets conceived 
become larger and more complex, some of the aittributes 
first thongiit of fade from consciousness before the rest 
have been represented, and the conception tlms becoincs 
imperfect; that when the size, complexity, or disenvieness 
of the object conceived becomes very groat, only a sriiali 
portion of its attributes can be thought of af; once^, and l.hc^ 
conception formed of it thus liec'omes so inade(|uai;e as to 
be a mere symbol; that nevertheless suchi symliolic concep- 
tions, which are indispensable in general tliinking, an^ le- 
gitimate, provided that by some (aimulaiive or indirect 
process of tliouglit, or by the fuliilment of pnalictious 
based on them we can assure ourselves tliat tluy stand for 
actualities; Imt that when our symbolic coiic(‘p{;i<ms are 
such tliat no cumulative or indire(d procc^sscs of thought 
can enable us to ascertain that there are corresiamdiug 
actualities, nor any predictions bo made whose fuliilment 
can prove this, tlion they are altog(ddier vicious and illu- 
sive, and in no way distinguishable from pure fictions. 

§ 10. And now to consider the bearings of tliis gcinoral 
triith on our immediate topic — "Ultimate Religious Id(‘as. 

To the primitive imiii sometimes liapixm things whit^h 
are out of tlie ordinary (iourse — diseases, storms, i^arth- 
quakes, echos, eclipses. From dreams arisc^s tlic idtai of 
a wandering double; whence follows the belief tliat the 
double, departing permanently at deatli, is tlum a gliost. 
Ghosts thus become assignabic causes for staamgo cKjciir- 
rences. The greater ghosts are presently supposed to havcj 
extended s{)lieres of action. As men grow iutclligont thc^ 
conceptions of these minor in visilile a,gciH*ies im?rge into 
the conception of a universal invisible agency; auti tluvre 
result liypotlieses coMceriiing tlie origin, not of sfaicdal i:i- 
ciclents only, but of things in genei’ah 

A critical examination, however, will prove not only tlmt 
no ciirreut liypothesis is tenable, but also that no tenalih^ 
hypotliesis can be framed. 
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§ 1 1 . Respecting the origin oi; the Universe three verbally 
intelligible supposi tions may be made. We may assert that 
it is self-existent; or that it is self- created ; or that it is 
creiited l;)y an external agency. Which of these supposi- 
tions is most credible it is not needful here to inquire. 
Tlie deeper question, into which this finally merges is, 
Avhetlier any one of them is even conceivable in the true 
sense of the word. Let us successively test them. 

When we speak of a man as self-supporting, of an ap- 
paratus as self-acting, or of a tree as self-developed, our ex- 
pressions, however inexact, stand for" things that can be 
realized in thought with tolerable completeness. Our 
conception of the self-development of a tree is doubtless 
symbolic. But though we cannot really represent in con- 
sciousness the entire series of complex changes through 
wliich the tree passes, yet we can thus represent the leading 
features of the series; and general experience teaches us 
that by long continued observation wm could gain the powder 
to realize in thought a series of changes more fully req^re- 
senting the actual series; that is, wo know that our symbolic 
conception of self-development can be explained into some- 
thing like a I'eal (iouception; and that it expresses, how^evor 
ijiacciirately, an actual process in nature. But when W ’'0 
speak of scif-existenco, and, helped by tlio above analogies, 
form some vague symbolic conception of it, 'vre delude our- 
selves in supposing that this symbolic conception is of the 
same order as tlie otliers. On joining the word self to the 
word existenm^ the force of association makes us believe 
w^e have a thought like that suggested by the compound 
word self-acting. An endeavor to expand this symbolic 
conceptiou, liowover, will undeceive ns. In the first place, 
it is clotir tluvt by self-existence w’’e especially mean an 
exist(ui(!e indopeiidont of any other — not produced by any 
other: th(3 assertion of sol ^existence is simply an indirect 
denial ol; creation. In tlius excluding the idea of any 
ant(ici,:dcmt cause, w^e necessarily exclude the idea of a be- 
ginning; for to admit tlio idea of a beginning — to admit 
that tluv>*c was a time when tlio existence liad not com- 
inenceil— is to admit tliat its commencement was determined 
l>y Boinetlii ng, or was caused; whicli is a contradiction. 
8eir-(‘x:ist.enet‘, therefore, neccsscvrily means existence with- 
out a beginning; and to firrin a eonceptioii of self-existence 
is to form a conception of existence without a beginning. 
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Now’ by no mental, elfort can we do tbii^. To coin *01 vc 
existence through infinite past-time, implies thiMunu'cptitni 
of infinite past-time, which is an irnpossihilitv. To tin's 
let US add that, even were sel{’-(‘xis(-(‘inn^ coiiccdvable, it 
would not in any sense be an explanation of tin* Uni\‘ersic 
No one will say tliat the existence of an ohjeu-t at the? 
present moment is made easier to understand by the dis- 
covery tliat it existed an hour ago, or a day ago, or ii ytuir 
ago; and if its existence now is not made in tlie least de- 
gree more comprehensible by its existenee during some 
previous finite permd of time, then no ai’Ciiiiiuiai Ion of 
such finite ])eriods, even could we (extend ilunu to an infi- 
nite period, would make it more (^r)rn[)r(dH‘nsilile. ^rims 
tlie Atheistic theory is not only ahsoiufely nnthinkalde, 
but, even if it were tbinkalilc, would not Ixi a. solution. 
The assertion tliat the l.bii verse is s(‘lf-exisient. diM'S not 
really curry ns a sto]) lioyond tlie cognition of its pixciOit 
existence; and so leaves us witli a rucr<‘ rc-siafement of t lie 
mystery. 

The hypotliesis of s(df-creation, which ]»ramica!ly 
amounts to what is called Pantheism, is similarly inca|)a.hle 
of hoi,ng represented in thought, (leriain phimomcna, such 
as the procipitatiou of invisible vajior into (doud, aid m 
ill forming a symbolic con(.K!])tion of a sclf-cvi»!vcd Uni- 
verse; arnl tlieroaro iiot waiitiiig indications in t he heax'ens, 
and on. the eartli, which help ns to render this concc|Mion 
toleratily dotinite. Ibit while the succession (d' phases 
throngli wliieh the "Universe lias passisl in risiching its 
present f()rm may per]ia[)S he comiindnnnhHl us in a cense 
self-determined; yet the im{)(,>ssihility of ex|>andiiig oar 
symbolic conception of self-urea, tion lnt,oa rc;d (amccpiion, 
remains as complete as ever. Keally to conceive self 'crea- 
tion is to conceive potential (ixistenco passing int(» aciiini. 
existence liy some inliercmt ne(?(jssity; which w(*{‘aiinot> do. 
Wo cannot form any i(h?a, of a poientia! cxisfema^ of tin* 
universe, as distinguislusl from its actual (cxistoiicc. If 
nipresented in tliought at jili, ])ot(mtial cxisfmicia must hi,^ 
rejiresented as mmelhinj/, that is a,s an a(dnaJ cxistuncig in 
suppose that it can lie represenhsl as nothing, involv(*s two 
ahsurditiu'^ — tliat nothing is mon* than a, ncgati<>ig and can 
l)(3 p(:)sitively nmrcisentecl ill thouglit; and Unit om* nol!i- 
ing is distinguished from all other notliings liy its |H>wcr 
to develop into something. Nor k tliig all. 'We have no 
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of eoBscioiisnoss a-nsweriiig to tlic words — an inlierent 
necessity ]>y whicli potential existence became actual exist- 
ence. render tiiern into thought, existence, having for 
an indeiinito pcniod remained in one fonn, must be con- 
ceived as passing, without any external or additional im- 
pulse, into another form ; and this involves the idea of a 
change without a cause — a thing of which no idea is pos- 
siliie. ^Illius the terms of tins hypothesis do not stand for 
real tlionglits; but merely suggest the vaguest symbols, in- 
(n[)al)le of any interpretation. Moreover, even were it true 
tliat poteiitiul existence is conceivable as a diferent thing 
f rom a(itual existence, and tliat the transition from the one 
to the other can be mentally realized as a self-determined 
(diange, wo should still be no forwarder; the problem 
wouhl simply be removed a step back. For whence the 
potential existence? Tins wmuld Just as much recpiire ac- 
counting for as actual existence ; and Just the same difficul- 
ties would meet us. liespecting the origin of such a latent 
power, no other suppositions could be made than those 
above named — self -existence, self-creation, creation by ex- 
ternal agency. Tlw self-existence of a potential universe 
is ii() trior(3COiiceiva,ble tlian wc liave found the self-existence 
of tlic a(dm<d iiuiverse to he. The self-creation of such a 
])Ot(intia, I universe would involve over again the difficulties 
liere stated — would imply beliind this potential universe a 
more remote potentiality; and so on iii an infinite series, 
Unvving us a,t last no forwarder than at first. While to as- 
sign as tlie source of this potential iiiiiversG an external 
agency, would be to introduce tlie notion of a potential 
uiiivors(j for no purpose whatever. 

Idiere remains to ])e examined the commonly received or 
ihcisiic liypotliesis — (;reation by external agency. Alike in 
ihn riub'st creetlsaridin the cosmogony long current among 
oursclvt‘s, it is a,ssume<l tliat the genesistyi; the Heavens and 
the Fanlh is eilcid’-ed somewhat after tlie manner in which 
a woi-kmaii sluipes a jiiece of* furniture. And tliis assuinp- 
iiuu is madi^ not liy theologians only, but by the iminense 
maiority ot* philosofiliers, past and present. Equally in tlie 
writings ifiat.o, and in thosd of not a few living men of 
seieiuM', we find it taken for graiiii.etl that there is an 
umilogy litfi wemi the process of creation and the process of 
rnatiuhMvlure. Now in the first ])la(‘e, not only is tliis con- 
iMipiion one tliat cannot by any (mmulative process of 
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thouglit, or the fulfilment of pre<lictions based on it, l)e 
shown to answer to iinything a(3tiial; and not only is it that, 
in the absence of ail evidence respording the pi’oi>(‘ss ol* 
creation, we liavo no proof of correspoiubviu'c ewai Ind W(M‘n 
this limited conception a.nd sonui limited port ion ot the 
fact; but it is that the conception is not even (‘onsisterit 
with itself—cannot be realized in thouglit, when all its 
assiipnitioTis are granted, ddiongli it is true thaf» the pre- 
ccedings of a hiinian artificer nuiy vaguely symbolize^ to ns 
ametlmd after which the Universe might bo sluipcMl, yet 
they do not helj) ns to conipreliend t/li(^ rcnil inystery; 
namely, tlie origin of the mater iat of wliii'h the I iiivm’se 
consists. The artisan does not make tlie iroii, wo(a;l, (jf 
stone he uses; but merely fasliions and comlnnes ilnem. 
If we suppose suns, and phinets, and satellites, :ind all iliey 
contain, to have been similarly fonneii liyahhlreat Ar- 
tificer,” we suppose merely tluit eertain pre-existing <h‘- 
ments were thus put into tlnur ju’esent aaTaiigemmit. Mut 
whence the pre-existing elenamts? fidie eorn|)arison lielps 
us not ill the least to understaiul tha,t; and unlf*ss it hnlps 
us to understand that, it is woidhhrss. d’ln^ proilrietnm ol 
matter out of ’ nothing is the rea,l mystery, vvliiifii neithm* 
this simile not any other enaliles us to eotu^ihve; iind a 
simile which does not enable us to cotieeive this may Just 
as well be dispensed witli. Htill rnon:! nia,ruf{*st* {hH:*s tlie 
insufficiency of this theory of (U’eation become, wlam we 

turn from material oirjects to tJiat which contains t hern 

when instead of nuitter we (H;>ntem|^iat(^ spa,e«\ Diti tlirn’i* 
exist nothing but an iiiunea.sural>le void, ex|)lanai:ion would 
be needed as mucli as mow. Th(‘re would still arise (Im^ 
question — how came it so? If i.lie theory of ereal i m hy 
external agency were an adequate one, it would sujqdy ait 
answer; and its answer would lie— spa.<;e was made in ties 
same ma,nnor tliat matter was maden Ihi t. tlie i m |)ossi h 1 1 i I y 
of conceiving tliis is so nuuiilhst, that no om* dares to 
assert it. For if spaec was erea/ieil, it- mnsi, liave iHani 
previously non-existent, fidie non-existen<‘e of siniec^ r*an- 
not, however, hy any numtal efinrt lie imaginctl. it is 
one of the most familiar trtiths that the. idea of space as 
surrounding us on all sides, is not for a rnomeiii to he got 
rid of — not only a.re wo compelled to think of spiieit as 
now everywhere present, but wc are nimble t.o eomavivt* ils 
absence cither in the past or the future. And if the non- 
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existeiicio of apace is absolutely inconceivable, then, neces- 
sju'ily, its (‘reation is absolutely inconceivable. Lastly, even 
supposing tliat the genesis of the ITniverse could really be 
represented in tliouglit as the result of an external agency, 
tlic inystery would bo as great as over; for there would still 
arise the Vjuestion — how came there to be an external 
agency V To account for this only the same three hypo- 
tlieses are possible — seif-existence, self-creation, and 
creation l,)y external agency. Of these the last is useless: 
it coninnts us to an inlinite series of such agencies, and 
even t-hen Iveaes us wliere we were. By the second we are 
practi(ially involved in tlie same predicament; since, as 
already siiowri, self-creation implies an infinite series of 
potential existences. We are obliged, therefore, to fall back 
upon tiie first, which is the one commonly accepted and 
c.ornmonly supposed to be satisfactory. Tliose who cannot 
conceive a self-existent universe, and who therefore assume 
a creator as the source of the^ universe, take for granted 
that they can conceive a self-existent creator. The mystery 
which they recognize in this great fact surrounding them 
on every side, they transfer to an alleged source of this 
grcjit fa('-t; and then suppose that they have solved the 
mystery. But they delude themselves. As was proved at 
the outset of the argument, self-existence is rigorously in- 
conceivable; and this holds true whatevm' be the nature of 
tlie olrject of wliicii it is predicated. Whoever agrees that 
the a.tlHdstic hypothesis is untenable because it involves 
the impossible idea of self-existence, must perforce admit 
irhat the tlieistic hypothesis is untenable if it contains the 
same impossilile idea. ^ ^ , 

d'hus tlieso throe different suppositions respecting the 
origin of things, verhally intclligihlo though they are, and 
severally scHUiiing to their respective adherents^ quite 
rational, inrn out, wluni critically examiiicd, to heiiteially 
initliinkahle. It is not a question of probability, or credi- 
l/ility, lait of c<)iic(riva,l)ility. Experiment proves that the 
(jlenients of t-hese hypoiheses cannot evcni be put togetiier 
in {•oiise.iousness; and we can entertain them, only as we 
enlim’kiin siudi pseud-ideas as a square fluid and a moral 
suhsta4iee^^».»»ouly hy abstaining from the emleavor to ren- 
der t hem ini.o iietual thoughts. Or, reverting to our orig- 
inal mode of siaiemeut, we may say that ^ they severally 
involve symbolic conceptions of the illegitimate ana lilu- 
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sive kind. Diiferiiig m widely they seem f.o do, tlie 
atheistic?, and the ie. hy|>oi!}es(^s eon- 

tain the same ultimate edement. It is imi)ossihh‘ to avoid 
making the assumption of self-existi'iice somewhere; and 
whether that assumption lie made nalu'dly, or umhu- enm- 
plicated disguises, it is equally vieions, e(jujdly unthink- 
able, Be it a fragment of matter, or some i’aneiiM] poten - 
tial form of matter, or some more remote a,nd still less 
imaginable cause, our conce])tiori of its s(‘lf-existen{a> eati 
be formed ordy by joining with it tlie not ion of unli!!n ted 
duration througli past time. And as unlimiierl durat ion 
is inconceivable, all tliosc formal ideas into wvhi<*b it enters 
are inconceivable; and indeed, if such an ex|>r(\ssion is 
allow'able, are the more incoru'civahle in jrropfndiou as the 
other elements of the ideas are indetinito. So that iu fa**!, 
impossible as it is to think of tlie aedual universe as self- 
existing, W'o do but rnul{.i|)ly impossihilities <d' thougiit by 
every attem[)t we make to exjrlaiu its existeiieix 

§ 12. If from tlie origin of the I’nivcrsc* wo turn to its 
nature, the like insurmourdahle dilhenlties rist^ n|> Indore, 
us on all sides — or, ratlier, the same dilTieiillies nnde!‘ imw 
aspects. We find ourselves on the one. luind obligiMl to 
make c^er tain assumptions; and yet on therdlier hand we 
find these assumptions cannot he rcqu'csented in tlmughf . 

When we iiu[uirc what is the meaning of the varimis 
effects produced upon our seiiscs—wdum W(‘ ask Imw tliere 
come to be in our consciousness impr(‘ssions of soi}n<!s, of 
colors, of ta,st(‘S, and of tliose various attril>utc‘S wliioh we 
ascribe to bodies-— we are compdhnl to roganl ihian as ilia 
effects of some cause. Wo may stop short in the ijclitvf t liat 
tliis cause is what wo call matter. Or we may i'onolmle, 
as some do, that matter is only a (^(U’tain mcnle of manifes- 
tation of spirit; which is therefore the trne cause. fi)r, 
regarding rnattcr and spirit as [iroximate ageiH‘i(*s, we may 
attriluite all tlie clianges wrought in our ('ons<*inns!n*:ss fo 
immediate divine power. But lie the cause we assign wind, 
it may, we are obliged to sui>pose sovte (xiitsie And Wf‘ art* 
not only obliged to suppose some (xmsc, tmi alsc a lim 
cause. The matter, or vSpirit-, or wdiaiever we a.s>ninc to b<‘ 
the agent producing on us these various iinpn^s.doris, nnid. 
either ho the first cause of them or not. !f it is t he fir. t 
cause, the conclusion is reached, if it is not tlic llr,:d. 
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cause, th(3n by implication there must be a cause behind 
it; Arhicli thus becomes the real cause of the effect. Mani- 
festly, liowever complicated the assumptions, the same con- 
c.lnsiou must inevitably be reached. We cannot think at 
all about tlio impressions which the external world produces 
on us, without thinking of them as caused; and we cannot 
ca.rry out an inquiry concerning their causation, without 
inevitably committing ourselves to the hypothesis of a First 
Cause. 

But now if we go a step further, and ask what is the 
nature of this First Cause, we are driven by an inexorable 
logiii to certain fiirtber conclusions. Is the First Cause 
finite or infinite? If we say finite we involve ourselves in a 
dilemma, tliink of the First Cause as finite, istotliink 
of it as limited. To think of it as limited, necessarily 
implies a conception of something beyond its limits; it is 
absolutely impossible to coiuieive a thing as bounded with- 
out conceiving a region surrounding its boundaries. What 
now must we say of this region? If the First Cause is 
limited, and there consequently lies something outside of 
it, this something must liave no First Cause — must be 
uncaused. But \t we admit that there can be something 
iinc,a.uscd., tluu’o is no reason to assume a cause for any- 
thing. If beyond tha,t iiuite region over which the First 
Cause extends, tliero lies a region, which we are compelled 
to regard as iufirvito, over which it does not extend — if we 
admit that there is an infinite uiicausecl surrounding the 
finite causetl — we tacitly abandon the hypothesis of causa- 
tion altogether. Thus it is impossible to consider the 
First Cause as finite. And if it cannot be finite it must 
be infinii.e. 

Another inference concerning the First Cause is equally 
umivoida-l)lc. It must l)e indeixmdent. If it is dependent 
it ejuiuot b(‘, the first Cause; for tliat must ho the First 
(jausi3 oil which it depends. It is not enough to say that 
i(/ is |)artially independent; since this implies some neces- 
sity which (leterinines its partial dependence, and this 
ncicitssity, 1)0 it wliat it may, must be a higher cause, or the 
true I'irst Cause, which is a contradiction. But to think 
of tlm First (]ans(3 as totally ind(vpendciit, is to tliink of it 
as that wlfich exists in the ’absence of all other existence; 
seeing that if Idie jirescnce of any other existence is neces- 
»ary, it iniist be partially dependent on that other existence, 
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and so cannot be the First Cause. Not only, howcn'{*r, iiiitst 
the First Cause be a form of being whioli has no iieci^sr^ary 
relation to any otlior form of being, but it caM liavi* Mf» 
necessary relation witliin itself. Tiien* eaji Ik* no! lung iu 
it which determines ehaiige, and yel- noihiug \\ hioli jire- 
vents change. For if it containssoiiietjiiMg wliii-li im|j«?.‘es 
such necessities or restraints, this sometliing must liimi 
cause higher than the First Cause, wliicli is ulKSurfL Thus 
the First Cause must be in every sense perfect:, <,‘oin}jlotin 
total; including within itself all power, and transoomli ng 
all law. Or, to use the established word, it iniust la? aliso* 
lute. 

Here then respecting tlio nature of tlieTTn ivca‘se, wc* seem 
committed to certain unavoidable eonditsions. oliJiTf s 

and actions surrounding us, not less than tiu? pliononiona 
of our own consciousnoss, compel us io ask a, {‘ans<‘; in our 
search for a cause, we (lis(?()vor no r(‘.sting-pla(a‘ inilil we 
arrive at the hypothesis of a» First (huse; and wr' lia\e n<» 
alternative (mi; to rega.nl this Ihrst Caiin? as Inhniio and 
Absolute. Thesea.ro inferences forced upon ns i»y arifu^ 
rnents from wliich tliere a]>pcars no cs<‘ap<n li is iiardly 
needful, however, to show those whohuvo folhrwcd tlius far 
how illusive are these reasonings and their n^sulis. lint 
that it would tax the reader’s jaitiemm to no purpose, it 
might easily be proved that tlm iTuitinriuls (T wliiVh i ho 
argument is built, equally with tin* ecrnclnsions Ita odiiii 
them, are merely symbolic conceptions of tho iihguinnUn 
order. Instead, however, of rep<‘ating tho di,^prnuf u lA 
above, it will be desirable to pursue ariothcr rmdJmd ; Amw. 
ing the fallacy of tliose conclusions, by dischrii ng Hicir 
mutual contradictions. 

Here I cannot do better than avail myself of the demon-, 
station ydiich Mr. Manscl, carrying out in,detu;il tlic doc- 
trine of Sir William Hamilton, has given in his IJinitsof 
Eeligious Thouglits.^* And I gladly do this, not only lie- 
cause his mode of presentation caiinot luninprcncfl', but 
also because, writing as he docss in (ldVn<aM>^ flie (‘iirrent 
Theology, his reasonings will be the more aet'e|d,al»li? to 
the majority of readers. 

§'13. Having given preliTidiniry detiniti(,Uis (d‘ ibi‘ Fird,; 
Cause, of the Iiiiinite, and of the Absolute, .^Ir. Mimd 
says : 
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But tliese conceptions, the Cause, the A):)soivitej, 
tlic Iiilinitts ail c({iu:illy iiHlisptnisnhle, do they not imply 
<'(>nf radict inn to caadi oiluau when viinved in conjunction, 
ad attril)ut(’H ot one and the same lM*ing‘? A Cause cannot, 
us sucdi, 1)0 al)soiuic; tlie Absolute cannot, as suel), he a 
('aiise. The cause, as such, exists only in relation of its 
cdha‘t; the cause is a cause of the effect; the effect is an 
effect of the cause. On the otlier hand, the conception of 
tlu3 Absolute implies a possible existence out of all relation. 
W'e attempt to es<:‘a]x‘ from this apparent contradiction, by 
introducing tlie idea of succession in time, d'he Absolute 
exists first liy itself, and afterwards becomes a Cause. But 
here we are checked by the third conception, that of the 
lutiniic. How can the Inlinitc liccome that whieli it was 
not, from f be first? If Causation is a possible mode of 
(‘xistimci*, iluit wliitb exists witlioiit (uiusing is not infinite; 
that which bcconies a cause has passed beyond its former 
limits. ... ... 

Sujiposiiuj; tlio Absolute to liocome a (^aiise, it will fol- 
low tluit it operates by means of freewill and ccrnscious- 
iicss. b\)r a ne<*{«ssary eanso ea,nn<>t lie conceived as abso- 
bit(‘ ami infinitic if iu'e(‘ssitat;cd l)y soinctliing boyond 
itself, it. is ilasrtby limited l)y a sniKirior power; and if 
ne<a‘s.s!{atcd tw itself, it has in its own nature a necessary 
rohition to its (dIV'ct. irhe act of caasaiioii must thereforo 
be voluiitary; and volition is only possible in a conscious 
being. But eonseiousucHB again is only conceivable as a 
rciat iom fiMuu'c must be a euuscious subject, and an object 
of wliieb he is eouscious, fifiie subject is a suliject to the 
olijiH’t,; ihi) obj(*et is an object to the subject; and neitlier 
<‘au exist liy itself us the Absolute. This difficulty, again, 
umy 1 h' for^'tlu) moment evaded, by distiugiiisliing between 
tin* Absoluti! as nbtied to another and tlie Al)Soliite as re- 
bmb tr) itsedf. ffbe A1)solute, it may be said, may possibly 
be ooti ‘‘ions, |>rovi»h;d it is only (conscious oi itself. But 
this alteruativt* is, in ultimate analysis, no less Bclf- 
tie; f rmU i\o i imu thi‘ other. For tlie obje(it of eonseious- 
ues'S wlM'iiuu* a tuofle of Bu‘ subje(*Cs existe]i(!e or not, is 
eitJjer ercated in and i)y Ifu* a,<*t of eonseiousness, or has an 
cxi't»*ue»‘ i ude|H*ml(uit of it. In the iormer case, the 
o}iji»ei (lejn'mis u|)on the subject, and tlu) subjeefc alone is 
the true Absolute. In the latter cuse,_ the subject depcmls 
II {1011 the i:d.ij):*ei, and tlie <)bjt'‘ci alone is tiie true Absolute, 
a 
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Or if we attempt a third hypotliesis, and maintaiii that 
each exists indepeiideiitlj of the otiier, wo have iio A i)solirto 
at all, but only a pair of relatives; for eooxisteiiee, wli(h:;her 
in coTiscioiisiiess or not, is itself a rehition. 

“The corollary from tliis reasoning is obvious. Not 
only is the Absolute, as conceived, incapable of a uec'essary 
relation to anything else; but it is also in(aipabliM.>£ cao 
taining, by the constitution of its own nature, an essentiid 
relation within itself; as a whole, for instance, composed 
of parts, or as a substance consisting of attril:)iitcs, er as 
a conscious subject in antitl:iesis to an object. For i f there 
is in the Absolute any principle of unity, distinct from the 
mere accumulation of parts or attributes, tliis priiudple 
alone is the true Absolute, If, on the otlier liaiul, there i.^ 
no such principle, tlien there is no Aijsoliitoafc all, but only 
a plurality of relatives. The almost iniaiiinious voice of 
philosophy, in prououiKving that the A lisolutc is lioih one and. 
simple, must lie accepted as tin; \ of ]*eason also, so far 
as reason has any voice in the maltcr. lUit tli i.s absohde 
unity, as indiilcrent [ind c,ontainiiig no jd;tribid.es, can 
neither be distinguisbed from tlui ,imilti|:licity ()f (inbt3 
beings by any cliaracteristio feature, nor bo i<len{i{iod 
with them in their multiplicity, ^''hiis we arc landed in 
an inextricable dilemma. Tlio Absoluto cannot lie con- 
ceived as conscious, neitlier can it be conceived as uncon- 
scious: it cannot be conceived as com|)lcx, mhtiuM* (ain it 
be conceived as simple: it cannot be conceived liy dilTcr- 
ence, neitlier can it be concf-eivcd hy the ali.scmce of differ- 
ence: it cannot be identified with tlio universe, neither 
can it bo distinguished from it. The One and iiu^ Many, 
regarded as the beginning of existence, arc tiius alike iii- 
coraprebonsible. 

“The fundamental conception of lUitiomd Tlieology 
being thus self- destructive, we may naturally cx|)ect to find 
the same antagonism manifested in their special applica- 
tions. . . . How, for exam])lo, can Infinite Powcu' he able 
to do all things, and yet Infinite (loodness be urudile to do 
evilr' How can Infinite Justice exaett tlie utmost |)ermlty 
for every sin, and yet Infinite Mercy pardon the KimicrV 
How can Infinite Wisdom know all that is to come, atid yiit 
Infinite Freedom be at liberty to do or to forbear? How 
is the existence of Evil compatible with, that of an infin- 
itely perfect .Being; for, if he wills it, he m not infinitely 
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good; and if ho Vvills it not, his will is th wanted and his 
spber(3 of action limited? . . . 

Let ns, Iiowcver, Bn])poso for an instant that these 
diflicidties are sunnoimted, and the existence of the Abso- 
lut (3 securely establislied. on the testimony of reason. Still 
w'e Iiavo not succeeded in reconciling this idea with tliat of 
[I Cause: we liave done nothing toward explaining how tlio 
Absoluto can give rise to tlio relative, the Infinite to the 
finite. If the condition of causal activity is a liigher state 
tlian that; of qniesconco, tlio Ahsolnte, whether acting vol- 
untarily or involuntarily, luis passed from a condition of 
comparative iiiipcrfection to one of comparative perfection ; 
ant] tliercforc was not originally perfect. If the state of 
a(‘.tivity is an inferior state to tliab of quiescence, the Aliso- 
luto, in becoming a cause, lias lost its original perfection. 
Tlierc remains only tlio supposition that the two states are 
equal, and the act of crcfition one of complete indifference. 
But tills su])poshion annihilates the unity of tiio absolute, 
or it annihilates itself. If the act of creation is real, an 
yet indifferent, we must admit the possibility of two con- 
ceptions of tlie Absolute, tlie r>no ;is jiroductive, the other 
as lion-productive. If the acd is not real, tlio supjiosition 
itself vaiiislies. . . . 

‘‘Again, how can the relative be conceived as coming into 
being? If it is a distinct reality from the Absolute, it must 
bo conceived as pa-ssiiig from non-existence into existence. 
But to conceive an. oliject as non-existent, is again a solf- 
contraxli(!ti()n; for tliat wliicli is conceived exists, ns an 
object of tliought, in and by that conccjition. Wo may 
alistain from thinking of ano1)je(d at all; but, if we think 
of it, wo cannot but tfliink of it as existing, it is [lossible 
a,t one i,ime uot to tlviiik of aji objeett at all, and at another 
to think of it as already in lK;ing; hut to think of it iu tlio 
act of becoming, in the jirogrcss from not being into 
being, is to tbink tliat wliicli, iu the ve.ry tliought, aii- 
nilrilates its(‘lf. . . . 

“ To sum up hrielly this iiortion of my ai’gurnont. ^I'lio 
coMcc‘|)ti<)n of the Absolute and Inlinite, from whatever 
side we vicnv it, apiiears enc.{)m|Ki.ssed witli (loiitradictions. 
Tliei’e is a. (‘ontradiction iu siijiposiug such an oliject to 
exist, wbctlicr alone or in c'oiijiniciinn with otliers; and 
tiiere is a, (am tradiei.iou in supposing it not to exist. There 
is a contnidictiou in conceiving it as one; and there is a 
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contamliciioii in coneeiviBg ifc ns many. There is a eon- 
tradicr/ion in conceiving it us personal; anrl, tlK're is a cori- 
tradictioii in conceiving it as iinpersoiuiL It (ainiioi, 
without contradiction, 1)0 represented as active; nor, witii- 
ont equal contra, diction, l’>o r(q>rcsented as inactive, it 
cannot be coTiccived as the sum of all existence, nor yet 
can it he conceived as a part only of that snm.” 

§ 14. And, ]io\v what is tlie bea,ring of these results on 
the question before ns? Our examination of IJltiniatc 
Keligious Ideas luis been carried on witli tlie view of mak- 
ing inanifest some fundamental verity (!onta,ined in i;hem. 
Tliiisfar, however, 'wcliavo arrived at negative conelnsions 
only, (h’iticising tlie essential eonceptions involvcul in tln^ 
diiferent orders of boliofs, we lind no one of tlic^rn to be 
logically defensilile. Passing over the consideration of 
credibility, and contining ourselves to that of conceivahil- 
ity, we see tliat Atheism, i'antlieism, and '’riicdsni, wlien 
rigorously analyzed, severally jirovi^ to lie absolutely un- 
thinlvablo. Instead of disclosing a fundament.al v'crity 
existing in. oacli,our investiga,tion seems ralher to ]ja\’e slunvii 
tliat there is no fundamental verity coniained in any. To 
carry away this conclusion, liowevcr, would be a fatal 
error; as we shall shortly sec. 

Leaving out tlie accompanying moral code, wdrich is in 
all cases a supplementary growtli, a religious creed is de- 
fin a bio as a tlioory of original causation. l>y tlie lowest 
savages tlic genesis of tilings is not inquired alxuit: anom- 
alous appearances, alone raise tlie question of ageney. lint 
be it in tlie primitive (Ihost-theory whi<yii assumes u* linmau 
personality behind each unusual idioiuuiienon ; he. it in 
Polytheism, in which these ])ersonalities are jiartia'lly g(‘m 
eralized; bo it in Monotheism, in whicdi they are wl'iolly 
generalized; or be it in Pantheism, in which the gem 
eralized personality becomes one witli tlie pIuinoTneriii— -we 
equally find, an liypothesis which is supjiosiul to remler the 
IJiiiverse co:m])rohensil>]e. Nay, even tluit wliicli is cone 
monly regarded as tlic negation of all Ihiligion.— eveii posi- 
tive Atheism, comes witliiu tlie definition; for it, too, in 
assm'ti ng tlie self-existence of H()a(.us Matter, and iMotiou, 
wliich it regards as adefjiiate ca,uses of ev(*ry a;|)|H‘ariince, 
jiropounds an a priori tlieory from wliieh it llolds the facts 
to be deduciblo. Now every theory tacitly asserts ttvo 



FIRST PRINUIPLES. 


37 


tliiiigs: firstly, that tlierc is sometliing to be explaiiietl; 
secoiidly, tlnit sucli and sucli is the explanation. ]Jenc(3, 
however widely diileront spcMudiitors may disagree in the 
solutions, they give of the same problorri, yet by inv])lication 
they agree that tliereisa problem to be solved. Ileretlion 
is an eleniont wliich all creeds have in connnou. Iieligions 
diarnetrically opposed in their overt dogmas are yet per- 
fectly at one in tlic tacit conviction that the existence of 
tlie world, witli all. it contains and all whicli surrounds it, i.s 
a mystery ever pressing for interpretation. On tliis point, 
if on no otlier, there is entire inuiniiriity. 

Tlius we come witliin sight of that whicli. we seek. ,In 
the last eliapter, reasons were given for inferring tliat 
human beliefs in general, and especially tlie perennial 
ones, contain, under wliatever disguises of error, some soul 
of truth; and liere wo have arrived at a triitli underlying 
•even the grossest superstitions. Wc saw further that this 
soul of truth was most likely to be some constituent com- 
mon to conflic-ting opinions of the same order ; and here wo 
have a constituent wlvicli may bo claimed a, like by all re- 
ligions. It was pointed out tliat this soul of trutJi would 
almost certjiinly l)o more abstr:ict than, any of the beliefs 
involving it; iind the truth we liave arrived at is one ex- 
ceeding in alrstractness the most a].)siract religious doc- 
trine's. In every respect, therefore, our conclusion finswers 
to the rerjiiircunents. It lias all tlie <diarac(xvristies whicli 
we inferred must l>elong to tliat fuiulainciital verity ex- 
pri'ssed by I’eligions in general. 

''Idiat this is tlie vita, I element in all religions is furtlier 
proved by tlie fact tliat it is the clement whieli not only 
sirrvives every clnuige, but grows more distinct the more 
liighly the religion is developed. .Ahorigimd creeds, 
tliougli ])ervaded by the idea of personal ageiudcs whl(‘li are 
usindly unsisiu, yet concidve ihest^ agencies uiuhvr jierfeetJy 
coiuvrete a,nd ordinary forms — class them wil-h ike visdile 
agemues of men and. animals; and so hide a, vague jxu’cej)- 
tion of mystery in disguises as unmystmuous as possihha 
ddie P(>iy theistic coru'ejitions in their a.dva,nccd phases 
re|)rescnt fJn^ irresiding |H‘rsonaliti<'s in grc-atly idisdizi'd 
sliapes, existing in a, remote rt'gion, working in subtle 
ways, and rnmmunic.ating wiili num by oiiiens or t/hrougli 
inspired pivrsons; time is, the idtimah^ muisc's of things 
a, re regardial a-s less familiar and comprehensilde. The 
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growth of a Monotheistic faith, accoinpanied as it is by a 
denial of those beliefs in which the divine nature is as« 
similiated to the human in all its lower propensities, shows 
us a further step in the same direction; and however im- 
perfectly this higher faitli is at first realized, we yet see in 
altars '‘ to the unknown and unknowable God,” and in the 
Avorship of a God that cannot by any searclung be found, 
out, tliat tlicre is a clearer recognition of the inscrutable- 
iiess of creation. Furtlier developments of theology, end- 
ing in such assertions as that " a (lod understood Avould be 
no God at all,” and “ to ihink that God is, as we can think 
him to bo, is blasphemy,” exhibit this recognition still 
more distinctly; and it pervades all tlie cultivated theology 
of the present day. Thus, A\diile otlier constituents of 
religions creeds one l)y one drop away, this remains and 
grows even more manifest; and so is shown to bo the essen- 
tial constituent. 

Nor docs the evidence end hero. Not oidy is the omni- 
presence of something wliicli passes comprelicnsion, that 
most abstract l)cliof wliicli is (iominon to all religions, 
which becomes tlie more distinct in proj)ortion as they 
develop, and which remains after tlieir discordant ele- 
ments have heoii mutually cancelled; hut it is that belief 
which the most unsparing criticism of cacli leaves unques- 
tionable — or rather makes over clearer. It has notliing to 
fear from the most inexorable logic; but on the contrary 
is a belief wliicli the most inexorablelogicnshoAVS to bo mort) 
profoundly true than any religion su{)poscs. For evoi*y 
religion, setting out though it does with tlie tacit assertion 
of a mystery, forthwith proceeds to give some solution of 
this mystery; and so asserts tliat it is not arnystory passing 
human comprehension. ]>ut an examination of the solu- 
tions they severally propoinid shows them to lie uniformly 
invalid. The aiialysis oi: every possil>iG liypothesis proves, 
not simply that no hypothesis is sidlicient, but tinit no 
liypothesis is even tliinkable. And tlius tlie mystery wliicli 
ail religious recognize turns out to l)e a far rnoi’e trans- 
cendent mystery than any of them susj)ect — not a relative, 
but an absolute mystery. 

Here, tlieii, is an iiltimate religious truth of tlic liighest 
possible certainty — -a trutli in which religions in general 
are at one witli each otiier, and Avitii a philosophy an- 
tagonistic to their special dogmas. And this truth, 
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respecting wliieli there is a latent agreement among all 
nninkind froin tlio fetish- worshipper to the inost stoicail 
critic of luimau creeds, must lie tlie one we seek. If Ite- 
ligion and Science a, re to })o reconciled, tiie l)asis of recon- 
ciliation must bo this deepest, widest, and most certain of 
all facets — that the Power which the Universe manifests to 
ns is utterly inscrutable. 


CTIA1>T1‘1R IIL 

ULTIMA'I'K SCIKNl'linc? IDEAS. 

§ 15. Wit AT are Space and Time? 'Two hypotlieses are 
current rcispcuiting them; tlie one tliat they are olrjoctive, 
and tlie othm* that they are subjective — tlie one tliat they 
are external to, and iudependeiit of, ourselves, llie other 
that tliey are int(3rnal, and appertain to onr own consc/ioris- 
ness. Let ns see what becomes of these liypot, hoses u ruler 
analysis. 

''To say that Sjiacai and 'Fime exist oljjecd.ividy, is to say 
that they are enlitles. 'Fho assert.ion tlnit they are non- 
entiti(‘s is seir-d(‘structive: non-entities a.re non-existences; 
and to allege tha,t non-cxistcnc(‘s crxist ol)j(u*tivcly, is a 
contradiclvion in terms. Moreover, i.o dmiy tlnit Spa,ee and 
Time aiH3 tilings, and so liy implication to c'.all them notli- 
ings, involves tlio absui’dity tlnit there are two kinds of 
notliing. Neither can they ho regarded as aitrilmtes of 
some entity; seeing, not only that it is impossihle nnilly to 
conecivo any entity of which they a/re attrihules; hut setv 
ing furilier tlnit we cannot think of them as disappca,ring, 
even if (‘verything (dse disa{)pca.r{‘d ; wlu'nns a< tributes 
necessarily disappear aJong wiiJi tlu^ entities they belong 
to. d’hnsas Space and '’Fime (ainnot he (htJicr non-eni.ifii's, 
nor the a,ttrihutes of entitn^s, wc have no ehoitai but, eon- 
sidor t.hmu as eid/rties. Ihit wliile, on the h^ poilu'sis of 
tlunr ohji'ctivity, Space and ''Finuunnst. luMtlassed as things, 
we fnid, on (‘Xpm'iment, Unit tn represent thv*in in thoiigiit 
as things is imjHissihlc. d'o l)e<‘oncci ved at all, a tiling inust 
be cameiaved us having atirilmies. We can distinguish some- 
thing from notliing, only liy t.lie power whicli tlie some- 
thing* lias to act on onr eonseiousncisis ; thc«everal ailections 
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it produces on our consciousness (or else the hypothetieaJ 
causes of them), we attribute to ifc, and call its attributes; 
and the absence of these attributes is the absence ot the 
terms in which the something is conceived, and involves 
the absence of a conception. What now arc tlie attributes 
of Space? The only one which it is possible for a moment 
to think of as belonging to it, is that of extension; and to 
credit it with this implies a confusion of thought. For 
extension and Space are convertible terms: by extension, 
as we ascribe it to surrounding objects, we mean occupancy 
of Space; and thus to say that Space is extended is, to say 
that Space occupies Space. How we arc similarly inuible 
to assign any attribute to Time, scarcely needs poiiiting 
out. Nor are Time and Space uiithinkalVle as entities orily 
from the absen ce of attr i bu tes ; tl i ere is an o 1 1 1 ( ‘i* ] loc u 1 i a r i t}' , 
familiar to readers of mctapliysics, whicli ecjually excludes 
them from the category. Ail entities which we actually 
know as such, are limited; and even if we su])pose our- 
selves either to know or to be able to conc(ri\'e soiiu^ un- 
limited entity, we of necessity in so classing it })osi(ively 
separate it from the class of limited entities. Ifutof S|)aco 
and Time we cannot assert either limitation or thealxseuce 
of limitation. We find ourselves totally unable to form 
any mental image of unbounded Space; and yet totally 
unable to imagine bounds beyond wdiich there is no S|>a.ce. 
Similarly at the other extreme: it is impossible to think 
of a limit to the divisibility of Space, yet equally lm|)cs- 
sible to think of its infinite divisibility. AjkI, witbont 
stating them, it will be seen tliat we labor uiMhu* like 
impotencies in respect to Time. Thus we (xiiinct coni-eive 
Space and Time as entities, and are equally disabled from 
conceiving them as either the attributes of (mtities or as 
non-entities. We are compelled to think of them as (exist- 
ing; and yet cannot bring them within those conditions 
under which existences are represented in thought, 

Sliall we then take refuge in tlu^ Kantian doctrine? 
Shall we say that Space and Time are forms of the ifitel- 
lect — 'Ut priori law's or conditions of the conscious mimW? 
To do this is to escape from great diHicultms by rushing 
into greater. The proposition with whicli Kiint’s phibi- 
sophy sots out, verbally intelligible thoiigli it is, cannot by 
any effort be rendered into though t—cainriot be intin’prcLc il 
into an idea properly so called, but stands merely for a 
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psciid-idea. In the first pliico, to assert tlijit Space aiid 
Time, as wo are conscious of them, are subject i\'e (‘ondi- 
tions, is by irnplication to assert that they are iiot ol)je(‘ti vo 
realities: if tlio Spa,ce und Time present to our niinds be- 
long to the then of necessity they do not belong to the 
non-efjo, Now it is absolutely ini])ossible to tlvink this. 
The very fact on wliicdi Kant bases Iris hypotliesis— namely, 
tliat our coiisciousiiess of Space a, rid Time cannot lie sup- 
pressed — testifies as rnucli; for that consciousness of SjjacG 
and Time wliicli wo cannot rid onrselvt^s of, is tlic con- 
sciousness of idunn e,xis(;ing olijectivcly. It is iiscltfss to 
rc])ly that such an inability nuist incvitahly result if tliey 
are subjective forms, ddio question Iiere is — AVliat dor^s 
consciousness directly testify? And tlio dire(;t testimony 
of consciousness is, that Tiino and Sjiace are not witliin 
but without tlio mind; and so absolutely iiuhpendent of 
it that they ca-nnot he conceived to liecome non-{‘xistent 
even were the mind to liecome non-existent. Besides I)eing 
positively irntlrinkablo in what it tacitly deni(‘s, tlio theory 
of Kant is equally unthinkalile in wluit it openly affirms, 
It is not simply that we cannot combiner tlu^ tlmugbt of 
Space wi til the tliought of our own p(‘i’Sonaf ify, and con- 
template tlic oii(‘ as a, property of tlu^ oilier— Ihougli our 
inability to do tliis would [umve the iiuuiniuu^uiblericss of 
the liyjiotbesis— but it is iJiat the liyjiotlu'sis (larriiss in 
itself tlic jiroof of iis own inc.oiiccivablen(\ss. Bor if S|)ar‘e 
and Thme are forms of ihougld,, th(*y c.a,n lU'ver liti thought 
of; sinci^ it is impossible for a.ny tiling to \m a,t once tlie 
form of tliought ami the lunHvr of tliougbt. 'Tlmt Space 
and ^rirne are olijinds of con.scdousm^ss, Kant emphal/ic- 
ally assorts by saying that it is impossilih^ to suiipress 
the corisciousness of tbem. How then, if iJi(*y arc cfyVr/-; 
of e.oiis(doiisness, can t lay at ( be sanH‘ rmi(‘ 1 .m‘ cniofifitofr of 
(amsciousiK'ssV II Spare and d'imo ar(^ {\\i* (’o/idifioos un- 
der wbich we iliink. Hum wlam wc tbiiik (d* Space and 
Time tln^inselvcs, our tlioiigiils must be n neotnl ilJoiM'd ; 
and if tlM*re caji thus in* innMmditione<i thonghls, what, ln^- 
eornes of the (Jn‘ory ? 

It results therefore tlmt S|)aee and I’ime ai*e wholly In- 
coniprelieusildi*. q'lic inuue(iia.i,tt knowledip^ wliieh we kecni 
to have o! tlnun planes, wlien examined, j.o In* total ignor- 
ance. While our Intief in their obje<*tive reality is iiisnr- 
rrunintahle, wc* are unablij to give any raliumd acmMuii of. 
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it. Atid to posit tlie alternative l)elie:f (possilde to stato 
but impossible to realize) is merely to nuil':i|)iy irrutioiuiii* 
ties. 

§ Kb Were it not for the neeessities of iJio arguinent, 
it would 1)0 inexcusable to occupy the reader's attention 
with tliG tl]rea<ibaro, and yet nnomled, c‘oiitro\ ersy re- 
specting the divisibility of matter. Matter is eitium in- 
iiii it cly divisible or it is not: no third possibility can be 
named. Which of the alternatives sliall we ac{*(*pi.? If 
we say that Matter is infinitely divisii)Ug wo commit our- 
selves to a supposition not realizable in thoiiglrt. W’e (oin 
bisect and r 0 ‘ bisect a body, and continually rejuaitiug tiic 
act until wo reduce its parts to a size no longer pliNsically 
divisible, may tlien menially continue tlic |)ro('{*.ss without 
limit. To (to tins, however, is not really to conreivt! The 
infinite divisibility of matter, but to forui a. syuiliolirt rrm- 
ception incapable of expansion iulo a real one, and not 
admitting of otlier veriiicaition. Ikcaliy to (•omM‘ivo ihe 
mfinite (livisibility of riuittcr is numlally in follow out tluj 
divisions to infinity; and to do this would najuin* infiniiis 
time. On the other hand, to asstud. that matt.cr is not 
infinitely divisible is to asscud; that it is nslucihlc fo |)arts 
which no concoivahlc power can (Mvid<‘; and this vtadad 
supposition can no more he r(‘pr{\scnl,ed in IhoughI limn 
the other. For each of sucli ultimate parts, did they 
exist, must have jni under and an ujvper surfaeig a. right 
and a left side, like aaiy larger fragnumi. Now it< is im- 
possible to imagine its sides so near that- no plami of siMd ion 
can be (aincx^ivcKl ])(d>wee them; and, howevm* great be the 
assumed force of cohesion, it is impossilihi to shut out t iui 
idea of a greatcjr force capaliki of ovcu-mmuiig it. So that 
of liiimau interiigcmcH^ the one hypotiusis is no more ae<a*pt- 
al)le than tlie other; and yet the eonelusion that om* er 
other must agree witli tlie facts scHims to liiinuin intelli- 
gciieo uiiavoidatjle. 

Again, leaving this insol vaJile questi<m, let- us ask 
wlicthcr sid)sta,U(;e has, in naility, aJiyihing like that <■» 
temdod sol i di ty wh itdi i t pri^stmts t < » our e< usseiousm/ss* fiTie 
portion of spasie ocampicMl ]>y a piewe td' meial sctuiis to 
eyiis and fingers perfectly filled : we }ier<*ei vt* a honiogmuauis, 
rcisistiiig mass, withoiit any hrcaieh of eeutinuity. Sliall 
we then say that Alaiter is as aetually soliil as it appears? 
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Sliall we say that wliethor it consists of mx iniiiiitoly 
divisible clenient or of iiitiiiuite units incapable of furtiier 
division, its parts are overywliero in, actual contact? To 
assort as nmch entangles us in insnperal)lo dithculties. 
Were Matter tliiis a.bsolutely solid, it would be, wlraJ; it is 
not — absolutely iiiconvprcssible ; since coni|n‘essibility, im- 
plying the nejircr a.pproa.ch of constituent ]:)arts, is not 
tliinkable unless tliere is inioccupied space between the 
parts. Nor is tills all. It is an established niechariical 
truth, that if a l)ody, moving a.t a given velocity, strikes 
an equal l)ody a^t rest in siinli wise tluit the two nio\'e on 
together, tlieir Joint velocity will be l)ut half that of tlie 
striking body. Now it is a law of which the luigation is 
inconeeiva.!)le, that in passing from anyone degree of mag- 
nitude to any otliei', all intermediate degrees must be 
pa,ssed. tlirougln Or, in the (Uiso before us, a body moving 
at vehxnty 4 (ainnot, by collision, be reduced to velocity 
2, witliout passing tlirougli all velocities between 4 and 2. 
But were Matter truly solid — were its units alisolutely in- 
compressiblo and in a.bsolute (amtact — this ‘Maw of con- 
tinuity,'’ as it is called, would l)e broken in every case of 
collision. For wluni, of two such imiis, one moving a/t 
velocity 4 strikes anotluu* at r(‘st, the striking unit n,mst 
liave its v(T)c,it;y <1 i nstaii ta, neons! y reduced to V(‘l(H‘ity 2; 
!mist [KISS from v<.‘locity 4 to vadoc'ity 2 without any lapse 
of t.imt^ and without passing through iutciuuedijiti^ veloei- 
ticis; musi; be nioviug with vcl()(,‘-it,ies 4 and 2 at the same 
instant, whi(di is impossible. 

4Tm 8up[)osition tliat Mal-ttu’ is absoluttdy solid iKung 
iintenable, tliere presents itself tlie Nhnvtonian HUp[)osiiion, 
tba.t it consists of solitl atoms not in eonta,et Imt acting 
on eac.li oiJier iiy aldractive ami repulsive forei^s, varying 
the distaue.es. assume tins, lioweviu*, imuacly shifts the 
ditrumlty: tlie }>roblom is simply transtV^rnal from tlie 
a.ggn:*g:itti(i masses of matter to tlu’se liypcdJietical at.<uiis, 
lou* gra,ul iug tJmt. Mat ter, as wc perceive it, is macb^ u|) of 
Hiieh dtuise (‘Xteiidcd units surrounded by aimosphercvi of 

force, tJe» (juc'stiou st ill arises What is ilu^ const it. utiuu of 

iliese units? \Vi* Imve no altcrimtive but to regard iKU.di 
(jf tliem as a small pie<M' of mat ter. Lookcil at ihr(?ugh a 
mcmtal mierost'oja*, each bee:,um‘S a mass of siibstajice Hucll 
as wi^ ha.vt‘ just been eonimuplating. Ifxaetly tin' sarue 
inqiuries may Im,‘ mndt? reHpt.H‘tiiig tlm parts o( wliieb each, 
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atom consists; while exactly the same 

tlae way of every answer. And niamfesth, even we 

SpStical atL assumed to consist of still minuter ones 
the dXultv would re-appear at the next step ; nor could 
it he got rid of even by an infinite series of such assump- 

Boscovich’s conception yet remains to us. Seeing that 
Matter could not, as Leibnitz suggested,_ be composed of 
unextended monads (since the i’ff^aposition of an infinity 
of points having no extension could not produce that exten 
Sion which matter possesses), and perceiving objections to 
the view entertained by Newton, Boscovich 
intermediate theory, uniting, as he considered^ the ad^ an- 
tages of both and avoiding their difficulties. 
that the constituents of Matter are centres of foice | 
without dimensions, which attract and repel each other in 
such wise as to be kept at specific distances apart. And ne 
aro'iies, mathematically, that the forces possessed by such 
centres might so vary with the distances that under given 
conditions the centres would remain in stable equilibrium 
with definite interspaces; and yet, under other conditions, 
would maintain larger or smaller interspaces. 1 fiis spepd- 
lation, however, ingeniously as it is elaborated, and eludiUi,, 
though it does various difficulties, posits _ a proposition 
which cannot by any effort be represented in thought: it 
escapes all the inconceivabilities above indicated, by merg- 
in<^ them in the one inconceivability with which it sets 
' out A centre of force absolutely witliout extension 
thinkable: answering to these words we can form nothing 
more than a symbolic conception of the illegitimate order. 
The idea of resistance cannot be separated in thought 
from the idea of an extended body which offers resistance. 
To suppose that central forces can reside in points not in- 
finitesimaUy small but occupying no space whatever— points 
havin<^ position only, with nothing to mark their position 
points'^m no respect distinguishable from the surrounding 
points that are not centres of force; to suppose this, is 
utterly beyond human power. . , ,, 

Here it may possibly be said, that though all hypotheses 
respecting the constitution of Matter commit us to incon- 
ceivable conclusions when logically developed, yet we have 
reason to think that one of them corresponds with the 
fact. Though the conception of Matter as consisting of 
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dense indivisible units is symbolic and incapable of being 
completely tli, ought out, it may yet be supposed to find in- 
direct veriiication in the truths of chemistry. These, it is 
argued, necessitate the belief that Matter consists of 
particles of s])ecific weights, and therefore of specific sizes. 
Tlie general law of definite proportions seems impossible on 
any other condition than the existence of ultimate atoms; 
and tliough the combining weights of the respective ele- 
ments are termed by chemists their “equivalents,” for the 
purpose of avoiding a questionable assumption, we are 
unable to think of the combination of such delinite weights, 
wi tliout supposing it to take place between delinite numbers 
of definite particles. And thus it would appear that the 
Newtonian view is at any rate preferable to that of Bosco- 
vich. A disciple of Boscovich, however, may reply that 
his master’s theory is involved in that of Newton, and 
cannot indeed be escaped. “What,” he may ask, “is it 
that hold together the parts of these xdtimate atoms?” “ A 
cohesive force,” his opponent mnst answer. “ And what,” 
he may continue, “ is it that holds together the parts of 
any fragments into which, by sutlicient force, an ultimate 
atom miglit be broken?” Again the answer must he — a 
cohesive force. “And Avhat,” he may still ask, “if the 
ultimate atom were, as we. can imagine it to be, reduced 
to parts as small in proportion to it as it is in proportion 
to a tangible mass of matter — what must give each part 
the ability to sustain itself, and to occupy space?” Still 
there is no answer but — a cohesive force. OaiTy the proc- 
ess in thought as far as we may, until the extension of the 
parts is less than can be imagined, we still cannot escape 
the admission of forces by which the extension is upheld ; 
and we can find no limit -until we arrive at the conception 
of centres of force without any extension. 

iMatter tlien, in its ultimate nature, is as absolutely in- 
eorn|)relie:iisible as Space and Time. Frame wluit suppo- 
sitious we may, we find on tracing out their implieutioiis 
that ihoy leave us nothing but a choice between opposite 
absuruitics. 

S 17. A l)ody impelled by the hand is clearly perceived 
to move, and to move in a definite direction: there seems 
at first siglit no possibility of doubting that its motion is 
real, or that it is toward a given point. Yet it is easy to 



u 


FTim^ PRINCTPLEf^, 

sliow that Avo not only may bo, l.)iit nBiially {ir«\ qiii to wrong 
in both these judgments, llei'o, tor instant *0, is a sluj) 
AvhJch, for siinplieity’ssako, Ave Avill sujiposc to iu^ rniohoroti 
at the equator witli her head to the W est. Wlu'ii tlu» (‘a j)- 
tain Avaiks from stern to stern, in Avliat diretdaon floes he 
move? East is tlie obvious answer — an answoi* Avhieli for 
the moment may pass Avithout criticism. But now^ tlie 
anchor is heaved, and the vessel sails to the West Avitli a 
velocity equal to tliat at Avdiich the eaptain. Avalks. In \v!iat 
direction does he now move wlien lie goes from stern to 
stern? You cannot say East, for the vessel is carrying 
him as fast toAvard the West as he Avaiks to tlie I'kist; and 
you cannot say West for the ctmverse reason. In nnspead. 
to surrounding space ho is stationary; tliongli to all on 
board the ship ho seems to be moving. But now arcr we 
quite sure of this conclusion? — Is ho really stalionarv? 
When Avo take into aircoiint the I'iarth’s motion round its 
axis, Avc find that instead of being slationary he is travel- 
ling at the rate of lOOO miles per hour to iin‘ l\ast; so that, 
neither tlie perception of one Avlio looks jit, iiini, nor tlie 
inforenee of one avIio allows for the sliijids mot ion, is any- 
thing like the truth. Nor indeed, on further (•(msidera- 
tion, shall we find this revised conclusion to hv. much 
bettor. For we liave forgotten to allow for ilm l^'irtids 
motion in its orbit. This brdng some miles jier 

hour, it follows that, assuming the time to lannid-day, Im is 
moving, not at tlie rate of lOOO miles ]>er hour to t int I*!a.*d, 
but at tlio rate of 67 , 0 ^ 0 miles ])er hour to the W'est. 
not even now liavo avo dis(*overed tlm true- rate and tlm 
true direction of his movement. With tln^ Earth's {prog- 
ress in its or])it, aax) have to join that of tlie v diolf- Solar 
System toAvard the constellation Hercules; a.nd wlieu avc 
do tliis, wo perceive that he is moving neithen* Kaai imr 
West, but in a lino inidiinid to the plane of tiie Eeliptie, 
and at a velocity grea-ter or less (according to the tinnj of 
the yiau’) than, tliat abovfj nanual. To wliieh let us add, 
tliat were tlio dynamic arrarigemenls of our sidereal system 
fully known to us, avc sliould prolKibly diseovei* lin^ fliree- 
tiou and rate of his aediinil movfnnent t.o dill’er fam.dder- 
ably even from tliese. .How illusive are onr idtvis id* 
Motion, is thus made sufficiently manifest. Tliat. whieli 
seems moving proves to be stationary; llnit which seems 
stationary proves to bo moving; Avhile that wliitdi we. cfui- 
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cliule to be going rtipitlly in one direction turns out to be 
going much more rapidly in the opposite dir(3ctiom And 
so we are taught that wliat we are conscious of is not the 
real motion of any object, either in its rate or direction; 
but merely its motion as measured from an assigned posi- 
tion-~either the position ourselves occupy or some 
otlier. Yet in tliis very process of concluding that the 
motions wo perceive are not the real motions, we tacitly 
assume that tliere are real motions. In revising onr suc- 
cessive judgments concerning a body’s course or velocity, 
we take for granted tliat tliore is an actual course and an 
actual velocity — we take for granted that there are llxed 
points in space ■with respect to whu^h all motions are abso- 
lute; and we lind it impossible to rid ourselves of tliisidea. 
Nevertlicless, absolute motion cannot even be imagined, 
much loss known. Motion as taking place apart from those 
limitations of space which we habitually associate with it, 
is totally unthinkable. For motion is change of place; 
but in unlimited space change of place is inconceivable, 
because place itself is inconceivable. Place can be con- 
ceived only by rcifereucc? to other places ; and in tlie absence of 
()1)jects dis{)crse<l tlirougli s|)ace, a place could be conceived 
only in relation to iJie limits of space; whence it follows 
tliat in uiilimitiMl space phuu) cannot be conceived — all 
phmes must 1)(3 erjuidistant from boundaries tliat do not 
exist. Thus while W'o are obliged to think that there is an 
absolute motion, we find absolute iiiotioii ineoraprehensible. 

Anotlier insuperalilc diilieulty presents itself when we 
coiitenijihite the tra,nsfer of Motion. Habit blinds us to 
tlui m ar veil ousuess of this plienomenon. Fam ili ar with the 
faf't from cliildliood, we see nothing remarkable in tlie 
ability of a moving tiling to generate movement in a thing 
that is stationary, it; is, however, impossilile to under- 
stand it. in wlnit resj)(‘ct does a, body after irnpaot dilTer 
from itsi'lf lMd‘or(‘ impaotV . Wluit is this added to it wliich 
ihH*s not, smisibly alfect aaiy of its properi.i(‘S and yet enaliles it 
to travorso space V is an ol>je(rt at n^stand here is the 

Harm* objeel, nioving. In the stat(3 it has no tendency 
to (‘liangc it,s plact*; but in {.lu^ other it is oliligial al; eacli 
instant to assuiiK? a, mnv jiosition. What is it whieli will 
for t*ver go on prodiieing this elTeid; witbout being ex- 
iuuistetl? and how does it dwell in the ohjiart? I'lic mo- 
tion you say lias lieen. eommunieuted. But bow? Whati 
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has been conimnnicatecr? The strik ing body luisnot trails* 
ferred a tJdnff to tlic body struck; and, it is e<|naily ont of 
tlie question to say that it luis transferred an ailriljvie. 
Wliat tlien has it traaisferred 

Oiico more there is the old puzzle concerning the con- 
Tiectiou ])etw{‘en Motion and itest. ' W'e daily witness the 
gradual retardation and tina,l. s^toppage o[ tilings {irojiMded 
from the liaiid or otlierwise im|)clled ; and wo e(|ually ofttni 
witness tlic change from Rest to Motion prodneed liy the 
application of force. Rut truly to represent tliese transi- 
tions in thought, we find impossible. For a breach of tiie 
law of continuity seems necessarily involved; and yet no 
breach of it is conceivalile. A body travelling at a givcui 
velocity cannot bo brought to a state of rest, or no veloei iy, 
witlioiit passing through all intermediate vcloe,ikK‘S. 
first sight nothing seems easier than to imagine it doing 
tins. It is quite possible to tliiuk of its rnotinn as diinin- 
isliing insensibly until it becomes inlinii(‘simal ; and imuiy 
will think equally possible to pass in (hoiiglit from iii- 
finitosiinal motion to no motion. Rut this is an ermr. 
Mentally follow out the decreasing velocity as long as you 
please, and there still remains some velocity. Malvt^ ami 
again lialve the rate of movement for ever, yet movement 
still exists, and the smallest movi^numt, is Msparatml liy an 
impassable gap froirrno movermmt. As sonudhing, how- 
ever minute, is infinitely great in com|)aris(in witli noth- 
ing, so is even the least conceivable imdinn iidinite us 
compared with rest, d'he e.onverse p(‘rpl(‘xitics aticn- 
dant on tlie transition from Ihxst to Motion need not be 
specified, ddieso, erjiudly wiili the foreg(iing, show ns llmt 
though we are obliged to tliink of such ehangi‘s us actually 
occurring, their occ,urrenc(i cannot be realized. 

Thus neither when considered in (‘finnecfimn with H|)ae(‘ 
nor when considered in cornieetion with Matter, lau* vdieii 
eonsidcrod in connection with Rest, do wtcfiml t hat Mfition 
is truly cognizalfio. All elTorts to uud(*rsiand its essenf ia! 
nature do but bring us to aliernativii imj)ussi!iililii*s of 
tliought* 


§ 18. On lifting a' (dial r the fonjc i‘X(‘rt(Hl wc^ regard im 
equal to tliat antagonistic forcci cttlicHl tin* weiglit of iiie 
chair, and we cannot think of these jis 4‘C|uai witlnmt 
thinking of them as like in kind; since eqiiality is can- 
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ceivablo only betwecji tliiiigs tliat ai’e connatural. The 
axiom tliat action and reaction are equal and in opposite 
directions, (30iyirnonly cxeinplitied by this rei’y instance of 
niiisciilar ciTort versus weight, cannot be montally realized 
on any other condition. Yet, contrariwise, it is iiicredibie 
tiiait the force as existing in the chair really resembles the 
force as present to our minds. It scarcely needs to point 
out tluit the weight of the chair produces in ns rarious 
feelings {iccordi ng as we support it by a single finger or 
tlie wlioie liand, or tlie leg; and lienee to argue tliat as it 
cannot be like all tlicse sensations there is no reason to 
believe it like any. It suffices to remark that since the 
force as known to us is an all'ection of consciousness we 
cannot conceive the force existing in the chair under the 
same form without endowing the chair with consciousness. 
So that it is absurd to tliink of Force as in itself like our 
sensation of it, and yet necessary so to think of it if we 
realize it in consciousness at all. 

How, again, can we understand the connection between 
Force and Matter? Matter is known to us only tlirough its 
manifestations of Force. Our ultimate test of Matter is the 
al)ili by to resist. Abstract its resistance and tlicre remains 
notliing 1 ) 11 1 empty extension. Y'et, on the otlicr hand, 
resistance is equally unthinkable apart from Matter — • 
apart from something extended. Hot only, as pointed 
out some pages back, are centres of force devoid of exten- 
sion uiiirnagi liable; but, as an inevitable corollary, we can- 
not imagine either oxtoiidcd or unextended centres of force 
to attract and repel otlier such centres at a distance, with- 
out the intermediation of some kind of matter. We have 
here to remark what could not witliout anticipation be 
remarked wlieu treating of Ma.ttcr, that the hypothesis of 
Hewtou, equally with that of Boscovich, is open to the 
charge tliat it supposes one tiling to act upon another 
tliroTigii a sjiaeo wliieli is absolutely empty — a supposition 
wliich cannot be represented in tliouglvt. Tliis cliarge is 
imlcitd, met liy tlie introduction of a hypotlictical iluid ex- 
isting lietween the atoms or cumtres. But the prolilorn is 
not tliiis solved; it is simply shifted, a.ud reappears when 
tlie coiistitviitiiiu of this iluid is inquired into. How im- 
|)ossil)le it is to chide the diificnlty presented by the trans- 
fer of l^'oree tlirough B|)aee, is host seen in the ease of as- 
tronomical forces. Tlie Bun aets upon ub in such way as to 
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produce tlie sensations of light and heat; and we have as- 
certained that between the cause as existing in the Sun and 
the effect as experienced on the Earth a lapse of about 
eight minutes occurs; whence unavoidably result in us the 
conceptions of both a force and a motion. So that for 
the assumption of a luminiferous ether, there is the de- 
fence not only that the exercise of force through 95,000,- 
000 of miles of absolute vacuum is inconceivable, but also 
that it is impossible to conceive motion in the absence of 
something moved. Similarly in the case of gravitation. 
Newton described himself as unable to think tliat the at- 
traction of one body for another at a distance could be ex- 
erted in the absence of an intervening medium. But now 
let us ask how much the forwarder we are if an intervening 
medium be assumed. This ether, whose undulations ac- 
cording to the received hypothesis constitute heat and light, 
and which is the vehicle of gravitation — how it is consti- 
tuted? We must regarded it in the way that physicists do 
regard it, as composed of atoms which attract and repel 
each other — infinitesimal it may be in comparison with 
those of ordinary matter, but still atoms. And remember- 
ing that this ether is imponderable we are obliged to con- 
clude that the ratio between the interspaces of these atoms 
and the atoms themselves is incommensurably greater than 
the like ratio in ponderable matter, else the densities could 
not be incommensurable. Instead then of a direct action 
by the Sun upon the Earth without anything intervening, 
we have to conceive the Sun’s action propagated through 
a medium whose molecules are probably as small relatively 
to their interspaces as are the Sun and Earth compared with 
the space between them. We have- to conceive these in- 
finitesimal molecules acting on each other through ahso- 
lutely vacant spaces,^ which are immense in comparison 
with their own dimensions. How is this conception easier 
than the other? We still have mentally to represent a 
body as acting where it is not, and in the absence of any- 
thing by which its action may be transferred; and what 
matters it whether this takes place on a large or a small 
scale? We see, therefore, that the exercise of Force is al- 
together unintelligible. We cannot imagine it except 
through the instrumentality of something having exten- 
sion; and yet when we have assumed this sometliing we 
find the perplexity is not got rid of but only postponed. 
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We are obliged to conclude that matter, whether ponderable 
or ini ponderable, and wliether aggregated or in its hypo- 
thetical units, acts upon matter through absolutely vacant 
space; and yet tliivS conclusion is positively unthinkable. 

Yet another diiliculty of conception, converse in nature, 
but equally insurmountable, must be added. If, on the 
one hand, wo cannot in tliought see matter acting upon 
matter through a vast interval of space which is absolutely 
void — on tlie otlier liand, that the gravitation of one par- 
ticle of matter toward anotlier and toward all others should 
1)0 absolutely tlie same whether the intervening space is 
filled with matter or not is incomprehensible. I lift from 
tlie ground, and continue to hold, a pound weight. Now, 
into the vacancy between it and the ground is introduced 
a mass of matter of any kind whatever, in any state what- 
ever — hot or cold, liquid or solid, transparent or opaque, 
liglit or dense; and the gravitation of the weight is en- 
tirely unaffected. The whole Earth, as well as each indi- 
vidual of the infinity of particles composing the Earth, acts 
on the pound in absolutely the same way, wliatever inter- 
venes, or if nothing intervenes. Through eight tlioiisand 
miles of the Earth’s sulistauco each molecule at the anti- 
podes affects each, molecule of the weiglit I hold, in utter 
indifference to the fulness or emptiness of the space be- 
tween tiiem. So tliat eaeli portion of. matter in its deal- 
ings with remote portions treats all intervening portions 
as though they did not exist; and yet at the same time it 
recognizes tlieir existence with scrupulous exactness in its 
direct dealings with them. We have to I’egard gravitation 
as a force to wliich everything in the Universe is at once 
perfectly opaque in respect of itself and perfectly trans- 
paremt in respect of other things. 

While, then, it is impossible to form any idea of Force 
in itself, it is equally impossible to comprehend its mode 
of exercise. 

§ 19. I’urning now from the outer to the inner world, 
let iis e()Tit(^mpl;itc not the agencies to which we ascribe 
our sulqecrtive modilications, but tlie su])jeGtivo modifica- 
tions themsel v(‘s. Tliese constitute a series. Difficult as 
we find it distinctly to sepm*ate and individualize them, it 
is nevertheless beyond question that our states of oon- 
iciousness occur in siiccoBsion. 
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Is this chain of states of consciousness infinite or finite? 
We cannot say infinite; not only becMuse wo iia,Y(^ indi- 
rectly reached the conclusion that there was a i>eri<)d wljon 
it commenced, but, also because all infinity is in<^<»n(*eiv- 
able — an infinite series included. We ca.nnot say finite, 
for we have no knowledge of either of its ends. Ho haek 
in memory as far as we may, we are wliolly imalile to idcns- 
tify our first states of consciousness. Qfiie p(n\s|ie(ddve of 
our thoughts vanishes in a dim obscurity where we can 
make out nothing. Similarly at the other extrcnne. We, 
have no immediate knowledge of a terminai.ion to tlm 
series at a future time, and we cannot really lay liold of 
that temporary termination of the series reached at f lu^ 
present moment. For the state of consciousness recog- 
nized by us as our last is not truly our last, fi'liat any 
mental affection may be contemplated, as one of tlu* nerm 
it must he remembered — ripresxnkdom thoiighfi, not pre- 
sented. The truly last state of consciousness is t hat wliiidi 
is passing in the very act of eoiiternphiting a state just 
past — that in which we are thinking of tlaMuai hcfoiv. as 
the last. So that the proximate end of the chain olndrs 
us, as well as the remote end. 

‘‘But,” it may be said, ‘‘ though we cannot dircctlv Zv/c/c 
consciousness to be finite duration, because ncitlicrOf its 
limits can be actually reached, yet we can vmw well rfoc- 
ceive it to be so.” No; not oven this is true, ‘in llict first 
place we cannot coiiQ.eUQ the tcirininations of iliat con- 
sciousness which alone wo really know-- our own - any 

more than we cany^erceive its ternu nations. For in truth 
the two acts are here one. In cdther case sindi tt*rniina~ 
tions must be, as above said, not preseuh^d in (luaigld,, lait 
represented; and they must be rc‘present(‘<l as in the act of 
occurring. Now, to represent the terniiinition of considotts- 
ness as ocGurnng in ourselves is to tlnnk of ourstfivcB as 
contemplating the cessation of tlio last sta-ti^ of einmmm- 
ness; and this implies a siipposial (ajuti nuance of (ann 
sciousness after its last state, wliich is absurd. In ihe 

second^ place, if we regard the mattm* <)l)jec.tivcly df we 

study the phenomena as occurring in otiicrs, or hi 
abstract, we are equally foiled, (lonsidousness irniilif^s 
perpetual change and the perpetual est.ahlishnicmt of rfda- 
tions between its successive phases. To known at; all 
any mental affection must be known as such or Kucii----i4s 
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like these foregoing ones or unlike those. If it is not 
thought of in connection with others — not distingiiislied or 
idoutificd by comparison with otliers,it is not recognized — 
is not a state of consciousness at all, A last state of con- 
sciousness, then, like any otlier, can exist only through a 
perception of its relations to previous states. But such 
|)erception of its relations must constitute a state later than 
the last, which is a contradiction. Or, to put the diffi- 
culty in another form, if ceaseless change of state is the 
condition on which alone consciousness exists, then when 
the supposed last state has been readied by the completion 
of the preceding change, change has ceased; tlierefore 
consciousness lias ceased ; therefore the supposed last state 
is not a state of consciousness at all; therefore there can 
be no last state of consciousness. In short, the perplexity 
is like that presented by the relations of Motion and Rest. 
As we found it was impossible really to conceive Rest be- 
coming Motion or Motion becoming Rest, so liere we lind it 
is impossible really to conceive either the beginning or 
the ending of those changes which constitute consciousness. 

Hence, while we are unable either to believe or to con- 
ceive that the duration of consciousness is infinite, we are 
equally nnable either to know it as Unite or to conceive it 
as finite. 

§ 20. ISior do wo meet with any greater success when 
instead of the extent of consciousness we consider its sub- 
stance. Tlie question, What is this that thinks? admits 
of no better solution than the question to which ive have 
Just found none but inconceivable answers. 

The existence of each individual as known to liimself 
lias licen always lield by mankind at large the most incon- 
truv(‘.rtil)Io of trutlis. O'o say “I am as sure of it as I am 
sure diat I (vxistT is, in coiimiou sjieedi, the most emphatic 
(vxpression of certainty. And this fa,ct of personal exist- 
ciH*c, tcslrilhid. to by the universal consciousness of men, 
lias liecn made tlie basis of sundry pliilosopbios; wbence 
may lie drawn the iiifercneo that it is lujld by tliinkers, as 
W’cll as }>y the vulgar, to be beyond, all facts iinquestion- 
aldta 

Bcdicf in tlu^ reality of self is indeed a belief which no 
hy|)othcsis (vua;bl(‘-s us to escape. Wliat sliall we say of 
these successive iinpressions and ideas which constitute 
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cpnscionsness? Shall we say that they are tlie affections 
o*f something called mind, wliicii, as being the siibjeet, of 
them, is the real ego? If we say tins wc iManif(\st]y iiitfily 
that the ego is an entity. Shall we assort, that these im- 
pressions and ideas are not tlie mere eharigas 

wrought on some thinking substance, hut are thems^tlves 
the very body of this substance— are severally tlie rnoditled 
forms which it from moment to mornent assumes? Tliis 
hypothesis, equally with the foregoing, implies that tlie 
individual exists as a permanent and distinct being; since 
modifications necessarily involve sometli i ng mod i ti{*rL 
Shall we then betake ourselves to the sec])t.i(ds [losition, 
and argue that we know nothing more tlian our im|)res- 
sions and ideas themselves — that tliese are to us the Only 
existences, and that the personality said to underlie therii 
is a mere fiction? We do not even thus eseayie; sinee this 
proposition, verbally intelligible but really iinihinkHlik^, 
itself makes the assumption wliicli it professes to repudiate, 
i'or how can consciousness be wholly inasoIviuI into impn’S- 
sioiis and ideas when an impression of iKM-essity implii's 
something impressed? Or, again, liow oaii (he m-plio 
who has decomposed his consciousness in((; imj»ressions 
pd ideas explain the fact that lie eoiisid(‘rs iliem a.s Iii,s 
impressions and ideas? Or, once more, if, as \u\ must, lie 
admits that he has an impression of his p{‘rs<mal <!xis(.en(*ig 
what warrant can he show for rejecting this imfu’ession as 
unreal while he accepts all his other imprt'ssions as real? 
Unless he can give satisfactory answers (.o ihm^ <1 mantes, 
which he cannot, he must abandon liLs conclusions, ami 
must admit the reality of tlie individual mind. 

But now, unavoidable as is this heliot, cstaliiisficd though 
if is, not only by the assent of imutkind at larm*, imhirsed 
by divers philosophers, but by the Buicide of Ihe sc(‘td.ica! 
argument, it is yet a belief adrn i tting of no justi ricuiion liy 
reason ; nay, indeed, it is a belief whicli reason wluai iiresseil 
for a distinct answer rejects. One of tlie most recen i wr i ti'rs 
who has touched upon this (lucstioii, Jlr. Miinsol, (iooM 
indeed contend that in tlio consciousness of .self wc linvo 
a piece of real knowledge. The valiilitv of imtiUHliato 
intuition he holds in this case uniiiiestioniihle, mnurking 
tuat Let system-makers say what they will, tlus unsophis- 
ticated sense of mankind refuses to acknowledge that mind 
IS Out a bundle of states of consciousness, as matter is 
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(povssibly) a biniclle of sensible qualities/' On wliicli posi- 
tion the obvious coinnient is that it does not seem alto- 
gether a consistent one for a Kantist, who pays but small 
respect to “ the unsophisticated sense of mankind" when 
it testifies to the objectivity of space. Passing over this, 
however, it may readily be shown that a cognition of self, 
properly so called, is absolutely negatived by the laws of 
tliought. Tlie fundamental condition to all consciousness 
emphatically insisted upon by Mr. Mansel, in common with 
Sir William Hamilton and others, is the antithesis of subject 
and object. And on this primitive dualism of conscious- 
ness," ‘'from which the explanations of philosophy must 
take their start, "Mr. Mansel founds his refutation of the 
German absolutists. But now, what is the corollary from 
this doctrine, as bearing on the consciousness of self? The 
mental act in which self is known implies, like every other 
mental act, a perceiving subject and a perceived object. 
If, then, the object perceived is sblf, what is the subject 
that perceives? or, if it is the true self which thinks, what 
other self can it be that is thought of? Clearly, a true 
cognition of self implies a state in which the knowing and 
the known are one — in wlricli subject and object are iden- 
tified ; a,nd this Mr. Mansel rightly holds to be the annihi- 
lation of bo til. 

So tliattlie personality of which each is conscious, and of 
whicli the existence is to each a fact beyond all others the 
most certain, is yet a thing which cannot truly be known 
at all. Knowledge of it is forbidden by the very nature 
of thought. 

§21. Ultimate Scientific Ideas, then, are all representa- 
tive of realities that cannot be comprehended. After no 
matter liow great a progress in the colligation of facts and 
th(i estahlisliniont of generalizations ever wider and wider; 
after the merging of limited and derivative truths in 
tr utlis til at ai*o larger and deeper has been carried no 
matf;er how i’ar, the fundarnentsil triitli remains as much 
beyond rcjicli as cveo*. 'riie explanation of that winch is 
explicable docs but bring out into greater clearness the 
inexprKUilihvnnss of tlnit wliich remains behind. Alike in 
the external anti tlie internal worlds, the man of science 
secs liimself in tlie midst of perpetual changes, of whicli 
he can discover neitlier the beginning nor the end. If, 
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tracing back the evolution of things, he allows Irinisoll to 
entertain the hypothesis that the Universe once exisi.ed in 
a diffnsed form, he finds it utterly iniiyissilile to conceive 
how this came to be so; and equally, if lie SjHxailalcs yuj 
the future he can assign no limit to the grand successimi 
of phenomena ever unfolding themselves lH‘forc liim. In 
like manner, if he looks inward he |)cr<;ci\'cs that fntli 

ends of the thread of consciousness are bcyoiul his gnnsp- - 

nay, even beyond his power to think of ha.v'iiig exist(;d or 
as existing in time to come. When, again, ho tiirns iroin 
the succession of phenomena, external or internal, to ( heir 
intrinsic nature, he is just as nmcli at fan it. vSn |i| losing 
him in every case able to resolve the ap pea, ranees, propert ie^s, 
and movements of things into ma,nif(‘sta,tioMs of in 

Space and Time, he still finds that Force, Sparu', aniUrimo 
pass all understanding. Similarly, though the analysis of 
mental actions may finally bring him down to sensations, 
as the original materials out of wliich all thought is woven, 
yet he is little forwarder; for lie ctm give no aeeonni; eiilu*r 
of sensations themselves or of ihat something which is 
conscious of sensations. Objeetivo and sn lliini'‘s 
he thus ascertains to be alike iMscrnta,hle in tladr ^nhsijuice 
and genesis. In all directions his invostigatioiis e\cn!n« 
ally bring him face to face with an ins(»hihle enigma ; ami 
he ever more clearly perceives it to Ik* an insoluble enigma. 
He learns at once the greatness ami tlie liil;lem‘ss of t he 
human intellect — its power in dealing witli all tliat <*mnes 
within the range of exj)orioneo, its impohnee in dealing 
with all that transcends experieneia lie realizes with ,*i 
special vividness the utter incom|)r(ihensihlent‘8s of the 
simplest fact, considered in its(tl,f. He, mon^ tlian any 
other, truly hmas that in its ultimate tsmuLx nothing caiii 
be known. 


CnARrER IV. 

THE EELATIVITY OE ALL K:NO\vrj:i)(i]L 


§ 22. The same conclusion is thus arrivial at, from 
whichever point we set out. If, respecting tlio origin and. 
nature of things, we make some assinni)ti(ni, wo fitid that 
through an inexorable logic it inevitably commits us to 
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alternative impossibilities of thought; and this holds true 
of every assumption that- can be imagined. If, contrari- 
v iso, we make no assumption, but set out from the sensible 
properties of surroundiiig objects, and, ascertaining their 
si)ecial laws of dependence, go on to merge these in laws more 
and more general, until we bring them all under some 
most general laws; we still find ourselves as far as ever from 
knowing what it is whicli manifests tliese properties to us: 
elcjirly as wo seem to know it, our apparent knowledge 
proves on examination to he utterly irreconcilable with 
itself. Ultimate religious ideas and ultimate scientific 
ideas alike turn out to be merely symbols of the actual, 
not cognitions of it. 

The conviction so reiaclied, that human intelligence is 
incapable of absolute knowledge, is one that has been 
slowly gaining ground as civilization has advanced. Each 
new ontological theory, from time to time proj)ounded in 
lieu of previous ones shown to be untenable, has been fol- 
lowed by a now criticism leading to a new scepticism. All 
possible conceptions have been one by one tried and found 
wanting; and so the entire field of speculation b as been 
gradually oxliausted witliout positive result, the only result 
arrived at being. the negative one above stated — tliat the 
reality existing beliind all appearances is, and must ever 
be, unknown. To this conclusion almost every thinker of 
note has subscribed. '‘With the exception,” says Sir 
William Hamilton, “of a few late Absolutist theorizers in 
Oermany, tliis is perhaps the truth of all others most har- 
moniously re-eclioed by every philosopher of every school.” 
And a-moiig these lie names Protagoras, Aristotle, St. 
Augustin, Boetlnus, Averroes, Albertus Magnus, Gerson, 
Jam) [Icljrarus, Melanctlion, Scaliger, Francis Piccolomini, 
Giordano Bruno, Oampanella, Bacon, Spinoza, Hewton, 
Kant. 

It yet remains to point out liow tliis belief maybe estab- 
lish(‘d r‘ci,ti()nally, as well as empirically. Hot only is it 
tliat, as in tlie ea.rlier tliinkers a))ovc named, a vague per- 
ec^pGon of l,ho inseru tableness of tilings in tliemselves 
resulis from discovering tlie illusivcness of sense-imjires- 
sieim, Uiiul not only is it that, as sliown in tlie foregoing 
chajiters, definite experiments evolve alternative impossi- 
bilities of tlionght out of every ultimate conception we 
can frame, but it is that the relativity of our knowledge 
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is demonstrable analytically. The induction drawn 
general and special experiences muy be (.‘onlinnud 
deduction from the nature of our intelhgema-. iwo 
of reaching such a deduction exist. 1 rooi tluit uur ct 
tions are not, and never can bo, absolute is obtamab 
analyzing either thQ j^oduct of thought or tlio procc 
thought. Let us analyze each. 


from 
i,)y a 
ways 
igni- 
Ic liy 
\ss oi: 


8 23. If, when walking through the fidds some day in 
September you hear a rustle a few yai'ds in advanee, and, 
on observing the ditch-side where it occurs, see the herliiige 
agitated, you will probably turn toward the spot to learn, 
hy what this sound and motion arc j)rodiic*i^d. .As jou 
approach there flutters into the ditcii a partr hlge, on see- 
ing which your curiosity is satisfied — you have what you 
call an explanation of the appearances. Tho explanation, 
mark, amounts to this, that whereas tlironghout life you 
have had countless experiences of disturbaiKa^ cirnong small 
stationary bodies, accompanying tho inovenimit of ohluif 
bodies among them, and have generalized the relation 
between such disturbances and such inovemenl-s, you con- 
sider this particular disturbance explained on finding it to 
present an instance of the like relation. 8u|)post^ you 
catch the partridge, and, wishing to ascertain why it did. 
not escape, examine it and find at one sfiot a slight iraeo 
of blood upon its feathers. You now undersftiiid, as you 
say, what has disabled the partridge. It has liomi woundod 
by a sportsman — adds another case to the niany <;ascs al- 
ready seen by you, of birds being killed or injnre<l liy t ho 
shot discharged at them from fow'ling-pit‘C.es. .And in 
assimilating this case to other such ca.sos consists your 
understanding of it. But now, on consideration, a dilll- 
culty suggests itself. Only a single shot luis siiuick the 
partridge, and that not in a vital idace. wings a, re 

uninjured, as are also those muscles wlneli rnovi‘. tlimn; 
and the creature proves by its struggles tluit it has alnin- 
dant strength. Why, then you iiiquiro of yoursi‘11, does 
it not fly? Occasion favoring, you put the (pmsiion to an 
anatomist, who furnishes you with a mdntion. lie points 
out that this solitary shot has passed close to the place at 
which the nerve supplying the wing-rauBclaB of one side 
diverges from the spine, and that a slight injury to this 
nerve, extending even to the rupture of a few hbrus, may. 
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by preyenting a perfect co-ordination in the action of the 
two wings, destroy the power of flight. You are no longer 
puzzled. But wliat has happened? What has changed 
your state from one of perplexity to one of comprehensioii ? 
Simply the disclosure of a class of previously known cases, 
along with which you can include this case. The con- 
nection between lesions of the nervous system and paralysis 
of limbs has been already many times brought under your 
Tiotice, and you here find a relation of cause and effect that 
is essentially similar. 

Let us suppose you are led on to make further inquiries 
concerning organic actions, which, conspicuous and re- 
markable as they are, you had not before cared to 
understand. How is respiration effected?— you ask— why 
does air periodically rush into the lungs? The answer is 
that in the higher vertebrata, as in ourselves, influx of air 
is caused by an enlargement of the thoracic cavity, due 
partly to^ depression of the diaphragm, partly to elevation 
of the ribs. But how does elevation of the ribs enlarge 
the cavity? In reply the anatomist shows you that the 
plane of each pair of ribs makes an acute angle with the 
spine, tliat tliis angle widens when the movable ends of 
the ribs are raised ; and he makes you realize the consequent 
dilatation of the cavity, by pointing out how the area of a 
pn,raJlelogram increases as its angles approach to right 
angles. You understand this special fact when you see it 
to^ bo iin instance of a general geometrical fact. There 
still arises, however, the question, Why does the air rush 
into tliis enlarged cavity? To which comes the answer 
that wlien tlie tlioracic cavity is enlarged the contained 
Jiir, partially relieved from pressure, expands, and so loses 
some of its resisting power — tliat hence it opposes to the 
])ressure of the external air a less pressure, and that as air, 
iike_ every otlier fluid, presses equally in all directions, 
ni ot ion ni list result along any line in which the resistance 
is less t hail else wl I ore; •vdienco follows an inward current. 
7\nd. tills wU/r])r(M^ you recognize as one, when a few 
facts of like kind, exliiliited more plainly in a visible fluid 
Biudi as water, are cited in illustration. Again, when it 
was pointed out that tlie limbs are compound levers acting 
i:n^ essential ly tlie same way as levers of iron or wood, you 
might consider yourself as having obtained a partial ra- 
tionale of animal movements. The contraction of a muscle, 
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seeming before utterly iiiiaccoiintable, would seem let^s 
unaccountable were you sliovvii bow, by a galv[irvi(M‘iirrent,^ 
a series of soft iron magnets could 1,)0 nnide to shorts ‘ii itself 
througli the attraction of each magnet for its ludglibors™ 
an alleged analogy which especiidly answers tlu^ juirpose of 
our argument; since, whether real or fa,nci(‘(l, il. equal 1}^ 
illustrates the mental illuinination that results on liiiding 
a class of cases within which a particular case may possibly 
be included. And it may be furtlior netted Iiow, in tb(3 
instance here named, an additional feeling of (;oni])relHni- 
sion arises on remembering tliat the infliumee conveyt'd 
through the nerves to the muscles is, though not positively 
electric, yet a form of force luuirly alliecl to (ho (dfM'tric. 
Similarly, when yon learn tliat animal heai^ ainses from 
chemical combination, and so is ovolve.d as heat is (wolved 
ill other chemical eoiuhinatioris — wiien yon ]ea.rn iiuit the 
absorption of nutrient lluids tlirougli the coats oj the 
intestines is an instance of osmotic action— wlien you learn 
that the changes undergone by food (hiriiig digirstion are 
like changes artificially produeililo in the lalxnetorv; you 
regard yourself as knowing something aliout the na l ures of 
these phenomena. 

Observe now what we have been doing, dhiriiing to (lie 
general question, let us note wliere tiiest^ sue.<;essi\-e inter- 
pretations have carried us. We l>ega.n witli quite siHU'ial 
and concrete facts. In explaining ea<(di, and a Tier ward 
explaining the more general facts of which tliey arc in- 
'■ances, we have got down to ceriaan liighly general facts, 

a geometrical jirinciiile or pi’operty of spaeo, to a siniple 

w of mechanical action, to a h-iw of fluid e(jn iliinnuni- - 

j truths in physics, in chemistry, in tlimnnoldgy, in elec- 
tricity. The particular phenonuma witli wliicii we set out 
have been merged in larger and larger groups (d‘ phenom- 
ena, and as they have been so merg(‘d we have arrived nt 
solutions that we consider profound in }>ro|)ortioii as this 
process has been carried far. Still d<*i3per {vxplanatioiis are 
simply further steps in the sa;me direef ion. Wlicn, for 
instance, it is asked why the law of au.tion of the hwer is 
what it is, or why fluid equilil, avium and fluid motion 
exhibit the relations which they do, iJu* answer furiiislual 
by mathematicians consists in tint disclosure of tlici prin- 
ciple ^of virtual velocities — a primdplo iiohliiig true alike 
in fluids and solids, a principle under wiiich the others 
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are comprelicnded. And similarly, the insight obtained 
into tlie [phenomena of clieinical combination, heat, elec- 
tricity, etc., iin[)Iies that a rjitionale of them, wlien found, 
will be tlie exposition of some highly general fact respect- 
ing the constitution, of matter, of which chemical, elec- 
trical, Jind thermal facts are merely different manifestations. 

Is this process limited or unlimited? Can we go on 
forever explaining classes of facts by including them in 
larger classes, or must wo eventually come to a largest 
class? The supposition tlmt the process is unlimited, 
were any one absurd enough to espouse it, would still 
imply tliat an ultimate explanation could not be reached ; 
since intinito time would be required to reach it. Wliile 
the unavoidable conclusion tliat it is limited (proved not 
only by the finite spliorc of observation oi^en to us, but 
also by tlie diminution in the number of generalizations 
tluiit necesstirily accompanies increase of tiieir breadth) 
(Mpially implies that the ultimate fact cannot be under- 
stood. For if the successively deeper interpretations of 
nature wliich constitute advancing knowledge are merely 
succussivo inclusions of special truths in general trutlis, 
a,nd of genera, 1 trutlis iu trutiis still more general, it obvi- 
ously follows tluit tlie most general truth, not admitting 
of iiuihision in any otlicr, does not admit of interpretation. 
MajiifcvStly, as tlie vfod general cognition at which we 
arrivci (;annot be reduced to a 'more general one it cannot 
be un(hn*stood. Of noeessity, therefore, explanation must 
eventimlly bring us down to the inexplicable. The deep- 
eat trirtli whicli we can get at must be unaccountable. 
C()rn|)rolien,sion must become something other than com- 
preliensioii before tlie ultimate fact can be comprehended. 

§ 24. Tlie inference which we thus find forced upon us 
when wc analyze the product of tliought as exiiibited ob- 
jectively in scientific generalizations is equally forced upon 
ms by an analysis of the process of tliought as exhibited 
sulijectively in cnnscncnisness. Tlie demoustratioii of the 
necessarily* relative eliaracter of our knowledge, as deduced 
from the nature of intelligence, has been brought to its 
most definite shape by Sir William Hamilton. I cannot 
liere do better than extract from his essay on the “ Philos- 
opliy of the Uncjonditioned” the passage containing the 
substance of his doctrine. 
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“ The mind can conceive,” lie argues, “ and consequonily 
can know, only the iimMed^ and the miidlHoiuilly litnileiL 
The imconditionaliy iinliniitod, or the hijlnUv., the iincon-- 
ditionally linritcd, or the Abmluie., cannot ])ositiively bo 
construed to tlio mind. They can be conceived only by a 
thinking away from, or abstraction of, tliose very condi- 
tions under which thought itself is realized; consequently, 
the notion of the Unconditioned is only negative — negative 
of the conceivable itself. For example, on the one hand 
we can positively conceive neither an absolute whole — that 
is, a whole so great that we cannot also conceive it as a 
relative part of a still greater whole — nor an absolutci part 
— that is, a part so small tliat we cannot also conccvivc^ it 
as a relative whole divisible into sniallcr parts. On tlio 
other hand we cannot positively represent, or realize, or 
construe to the mind (as here understanding and imagina- 
tion coincide), an infinite whole; for tliis could only be 
done by the infinite synthesis in tlioiight of finite wliolcvs, 
which would itself require an infinite t-ime for its iiccom- 
pliahment. Nor, for the same reason, can we follow out 
in thought an infinite divisibility of parts. The result is 
the same, whether we apply the process to limitation in 
in tme.^ or in degree. The unconditioned negation, 
and the unconditioned affirmation of limitation — in other 
words, the infinite and absolute^ properly m called., are tluis 
equally inconceivable to us. 

“As the conditionally limited (which we may briefly 
call the ()ondUioned) is thus tlie only possildo olqeet of 
knowledge and of positive tliouglit — thought muti'ssarily 
supposes conditions. To think is to (mnditb/n.; and (condi- 
tional limitation is the fundamental law of ilio possil.>ility 
of thought. For, as the gTcyhouml cannot ()utsl>ri|i liis 
shadow, nor (by a more appropriate simile) tlio eagle out- 
soar tlie atmospliere in wlvich lie floiita, and by wliich alone 
lie may be supported, so the mind cannot transcend i.hat 
spliere of limitation within and througli wbicli (ixclusively 
the possibility of thouglit is realized. Thought is only of 
the conditioned, because, as we have said, to think is sim- 
ply to condition. Tlie absolute is conceived inorely by a 
negation of conGeivability, and all that we know is only 
known as ' 


'won from the void and formless infmited 
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How, indeed, it could over lie doubted t]ia,t thought is only 
of tile conditioned may w(h lie deemt'd a matter of tlie 
profoundest a.dmi ration. 1'hought cannot transcend con- 
sciousness; consciousness is only possilile under tlie antith- 
esis of a snhjec.t and object of thought, known only in 
correhition, and mutmdly limiting each otlier; wliile inde- 
pendently of til is aJl that we know eitlier of subject or 
objeet, eitlier of mind or matter, is only a knowledge in 
eacli of the |iarticular, of the plural, of the dilferent, of 
tlie modified, ot the jiluiiuimeiml. We admit that; the 
c()nsef|uen(‘.e of this doctrine is — that ])hilosopliy, if viewed 
as more tluui a, se.i(vnee ol* the conditioned, is impossilile. 
Departing from the j)a,rtieular, \vc axlniit tliat we can 
never, in our highest generalizations, rise aliove tlie finite 
— tliat our knowledgtg wlietlior of mind or matter, can be 
notlii ng more tlnui a kiiowliidgo of tlie relative inanifesta- 
tions ol‘ an exisiinuMi, whie.h in itself it is onr highest 
wisdom to ri^eognize as lieyond tlio reach of pliilosophy- — 
in the languagi^ of Sli. Austin, 'anpmcendo i(jrwmr% et 
itjnonoido m/Hosr L ’ 

“Hie (umditiomMl is the mean between two extremes — 
two imMinditi (mates, exclusive of (‘aeh other, neitlier of 
wlii(di c(fu he vanceirril as 'jios.sihle., but of which, on the 
printtiples of con trad ic.tion, and excluded middle, one must 
bo adrnititul as ne(u^ssa<ry. On this opinion, tlierefore, 
reason is shown tio be iveak, Imt; not deceitful. The mind 
is not ri^iresented as comtcnving two propositions subver- 
sive of t^aidi otlier, as e({uully possible, but only as unable 
to understand as possible eitlier of two exti'omes— one of 
whicli, liowi^ver, on the ground of their mutual ropug- 
muict^ it is comp(tl(;d to recognize as true. We are thus 
taught the salui.a.ry li^sson thal< the ca,pacity of tlioiiglit is 
not to lie (‘onstifait(‘d into tlu‘. measure of existenee, and 
are warned from recognizing the doimiin of our knowledge 
as nectessarily co-exi.cnsive the horizon of onr faith. 
And liy a woiuhfrfiil rm'claiion, wai are thus, in tlie very 
consiaimsness of our inability to conceive aught above the 
relative and tlniti*, inspiri'd with a lielief in tlio existence 
of sormhliing iincoiiditioned beyond the sphere of all com- 
‘{ireliensibie reality/^ 

(jl(‘a.r a, ml eomsfusive an tills statement of the case appears 
wdien carefully studied, it is expressed in bo abstract ,a 
manner as to be not very intolUgilde to' the general reader. 
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A more popular presentation of it, with illustrative appli- 
cations, as given by Mr. Mansel in In’s ‘‘ Limits of Ih^ligioiis 
Tlioiight,” will make it more fully understoorl. Tim fol- 
lowing extracts, wliicli I take tlie liberty of making fi’oju 
his pages, will sirffice: 

“Tlie very conception of consciousness, in wlnitever 
mode it may be manifested, rieciessarily implies dislinciioih 
ielween one object and another, Ih be cons<vious w (3 
must bo conscious of something, and tliat something aim 
only be known as that which it is by being (listinguished 
from that which it is not. But distinction is ne(;esHjirily 
limitation, for if one object is to be distinguisln'd from 
another it must possesvs some form of exisimna) whi<di the 
otlier has not, or it must not possess some form wdiiclj fho 
other has. But it is obvious that tlie iMfinite cannot l)(Mi is- 
tioguished, as sucli, from the Kinitc by tlu^ abstmec (»!’ any 
(piality whicli the hinite |)ossossc‘.s; for such a,bscn<*c would 
a limitation. Nor yet (*a;n K- Iso d istirignislnul by th(‘ | 
enco of an attrilnite which tlie J^'inite lias not; for, as no 
finite part can be a constituent of an iulinile whole, ibis 
diffiivianitial characteristic must itself infinite, anii must 
at the same time have nothing in csirTirnon with tint fin i to. 
We are thus tlirown hack upon our former impossilniify, 
for this second infinite will be distinguislied from the 
finite by tlie absence of qiiaiii.ies wliicli tlie latter jiossesscs, 
A consciousness of tlie Infinite, as smdi, tlius necessarily 
involves a self-curritraxlictioii ; for it implies the recogni- 
tion, liy limitation and dificremag of that whiedx can only 
be given as unlimited a.nd indificiavnt. . . . 

“This contradietion, wbi<^li is utterly in(‘xp]icable cm 
tlie supposition that fJie Infinif.e is a, positive objiud, of 
Imrnan thought, is at once acoounied for when il. is ro 
garded as the mere negation of tliought. If all tlioughl. is 
limitation — if wliatever we oonooho is, by i\m \ovy not of 
conce|)tioTi, regarded as finite— l/c/lnite, from a. Iminan 
point of view, is meredy a luime for tin* absencit of thosc^ 
comlitions under which tlionght is ymssilde. 1'o sjH*ak tif 
a (Joneeid^m^^^ is, thenfiong at once to allirm 

those conditions and to deny lliem. 1'hc emit radjetiou 
whicdi we discover in such a (a)nec|)tJon is only that wliirdi 
wo have ourselves jfiaced thma> by tucitly iissinuing the 
conceivaliility of the incomauvablta ' fi'he condition of lann 
.sciousxiess is distinction, and condition of diHiinction is 
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limitation. We can have no consciousness of being in 
gen era-1 wliicli is not some being in particular. A 
in c()iiseioiisnoss, is one tiling out of many. In assuming 
tlie possiliility of an in Unite oliject of consciousness I 
assume, therefore, tliat it is at tlie same time limited and 
unlimited — actually sonietliing, without whicli it could 
not be an object of cimsciousncss, and actually nothing, 
without vvhicli it coiihl not be infiiiito. ... 

“ A secoml clniriictcn’istic of Consciousness is that it is 
only possible in the form of a, rdcdion, Tliere must be a 
Subject, or jierson c.onscious, and an Object, or thing of 
wliicli be is (‘-(inscioiis. Tliorc can be no consciousness 
witliout the union of t-liose two faci.ors, and in that iniioii 
eacli exists only as it is rela-tod to tlie other. Tlie subject 
is a subj(j«‘t only in so fa,r as it is conscious of an object; 
tin*, object is an ol)j(‘ct only in so far as it is appreliended 
by a subject; and tlie destructiou of either is tlie destruc- 
tion of consciousness itself. It is thus manifest that a 
(jonsciousiuxss ot the Absolute is equally sclf-contradictory 
with that ot; the lulinite. To be conscious of the Absolute, 
as Hindi, wo must know i-liat an object wliich is given in 
relat.ioii to onr consciousness is identical with one which 
oxisi.s in its own nal-ure, out of all I’cla-tion to consciousness. 
Ihit to know this identity wo must be a,ble to compare tlie 
two togid-her, and sin'.h a comparison is itself a contradic- 
tion. We are in facd required to compare that of which 
wo arc conscious witli tliat of which we are not conscious, 
the comparison itself being an act of consciousness, and 
only [lossiblo througli the consciousness of both its objects. 
It Is i-hus rminiftist tduit even if wc could be conscious of 
the adisolute we could not possilily know that it is the 
alisolute; a-n<l, as we can be conscious of an oliject, as siicli, 
only by knowing it to lie wha,t it is, this is efjiiivaleiit to an 
ml mission tdnit wai cannot be consedous of tlie absolute at 
all. As an objecd of conseiousness overytliing is necessarily 
rtda-iive, and wliat a iihiiig may bo out of consciousness no 
mo<l(^ of (ainseionsnc^ss (aiu tell us. 

“Idiis eoni.radiction, again, admits of the same explana- 
tion as t-lie fcirmcr. Our whole notion of existence is 
nt‘cessarily rehitivc, for it is existence as conceived diy us. 
lint Exisleuce., as we c.orHHiive it, is but a name for the 
several ways in wliich objects are presented to our con- 
sciousness— a general term, embracing a variety of, rela-. 

5 ■ 


66 


FIRST PRINCIPLES. 


tions. The Ahsohite, on the otlior luind, k a term expressing 
no object of tlioright, but only a deDial. of the relation by 
which thoiiglit is constituted. ^J’o assume a,l>solutc exist- 
ence as an object of thouglit is thus to suppose a relation 
existing wlien tlic related terms exivst no longxu*. An 
object of thought exists, as such, in and through its rela- 
tion to a thinker; while the absolute, a>s sucli, is iiide|)(;n- 
dent of all relation. The Ooncfpt ioji of the A lmhiie ill us 
implies at tlie same time tlie presence and absence of the 
relation by whicli thouglit is constituted, and our vari(uis 
endeavors to represent it are only so many modifi(!d foimis 
of tlie contradiction involved in our original assuni|){ion. 
llero, too, the contradiction is one wliich we ours(*lv(*s 
have made. It does not imply tliat the Absolul.e cannot 
exist, but it implies most certainly tliat wc cannot <,*.onceive 
it as existing.’' 

Here let me jioint out bow tlie same gx^ueral infermu'e 
may be evolved from another fundameutaJ condition of 
tliought, omii;(nd by 8ir W. IJa,mill(ni, and not su|)pjicd 
by Mr. Maiisei — a condition wliioli, umhvr ils oliverse 
aspect, we have alreiuly eonLoniplated in tlie last section. 
Every complete act of consciousness, l)esi<les distincthm 
and relation, also implies liken(‘ss. Ikvfore it ca,n IwHanno 
an idea, or constitute a piece of knowhHige, a mental state 
must not only bo known as so])arate in kind from certain 
foregoing states to wliicli it is known as related liy succtes- 
sioii; Imt it must further be known as of tlie same kind 
witli certain otlier foregoing states. That organization of 
changes whicli constitutes thinking involvi^s coutinuous 
integration as well as continuous dilh‘.reiviiadi«>n. Warre 
each, new aifection of tlie mind perctuvtal sim|jly as an 
afleetion in some way contrasted with tlie preceding on(‘S— 
were there but a chain of impressions, ea,ch of wiiiidi as it 
arose wtis merely distinguislied from its prcdei^cHsorH, eun- 
sciousness^ would be an utter cliaos. 'ilo product* that 
ordendy eojLS(aouHiu:KSB wo call int(dlig(‘nee ilmre rc- 

cpiires tlie assimilation of each impression to ot.lutrs, that 
oeeiirrod earlier in the series. Both I, lie sueettssive mental 
states and tlio succcBsive relations wliitdi idiey lH‘ar to emdi 
other, must be classified, and classification invulvt*s not 
Duly a parting of the unlike, but also a bonding i<>gidlier 
of the like. In brief, a true cognition is j>os;sil)le only 
through an accompanying rocognitiuii. Should it l)e ol> 
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jected tliat if so there cannot be a first cognition, and 
hence there can be no cognition, the reply is that cognition 
proper arises gradually — ^tluit during the first stage of in- 
cipient inteHigence, before the feelings produced by inter- 
course with tlie outer world have been put in order, there 
are no cognitions, strictly so-called, and that, as every 
infant sliows us, these slowly emerge out of the confusion 
of unfolding consciousness as fast as the experiences are 
arranged into groups — as fast as the most frequently 
repeated sensations and their relations to each other become 
familiar enough to admit of their recognition as such or 
such wiienever tliey recur. Should it be further objected 
tliat if eognition pre-supposes recognition there can be no 
cognition, even l)y an adult, of an object never before seen, 
tliere is still tlie sufficient answer that in so far as it is not 
assimihited to previously seen objects it is ?iot known, and 
that it is known in. so far as it is assimilated to them. Of 
this paradox the interpretation is that an object is classi- 
fiable in variouvS ways, with various degrees of complete- 
ness. An animal hitherto unJmotvn (mark the word), 
though not roferal)lo to any established species or genus, 
is yet rceofinim^^^ as l)elongiug to one of the larger divisions 
— mammals, tiircls, reptiles, or fishes — or should it be so 
anomalous that its alliance with any of these is not deter- 
minable, it may yet be classed as vertebrate or invertebrate ; 
or, if it he one of those organisms of which it is doubtful 
whether tlio animal or vegetable characteristics predom- 
inate, it is still known as a living body. Even should it 
be questioned whether it is organic, it remains beyond 
question that it is a, material object, and it is cognized by 
being recognized as si:u;h. Whence it is manifest that a 
thing is per fetd.iy known only when it is in all respects 
like 'ccrtain things previously observed— that in proportion 
to the numbeu’ of respects in wbich it is unlike them is 
the extent to winch it is unknown; and hence, when it 
has absolutely no attribute in common with anything else, 
it must he absolutely beyond the bounds of knowledge. 

Observe the corollary which here concerns us. A cog- 
nition of the Eeal as distinguished from the Phenomenal 
must, if it exists, conform to this law of cognition in gen- 
eral. The First Cause, the Infinite, the Absolute, to be 
known at all, must be classed. To be positively thought 
of, it must be thought of as such or such--"as of this or that 
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kind. Can it be like in kind to unytliing of which we 
have sensible experience? Obvioiislj not. lUdvwoiVM i;he 
creating and tlie created there rriinst 1)0 a, distinction (ran- 
scending any of tlie distinctions exisl.ing l)ctwccn dllTcrtnit 
divisions of the created. ''.Flmt which is nn(,*ausc<j cannoi; 
be assiniilated to that wliich, is caused, the two being in 
the very iianiing antitlieticadly o])poscd. ddic i u (in i t(‘. caii” 
not be grouped along with soinctliing that; is (initc; since 
in being so groiiped it inrist be regarded as not-intiniii*. 
It is impossible to put tlic Al)soInte in the same cai(‘gory 
with anything reiatave, so Jong as the Absolute is dcllncfl 
as that of wliieh no nccessa-ry relaiiiai caui be prediealotl. 
Is it then that the Actual, tliongh imthinkalilc by classifi- 
cation with tlio Appa/ront, is thinkable l)y (das.sirn'afhm 
with itself? This supposition is (Vju ally absurd with the 
other. It implies tiic {)ln:raJity of tlic Mrst Causo, the 
Inllnite, the A.l)Soliitc; a/nd this imp! i<*a.l ion is sclfo-on- 
tradictory. Tlicrc (ai])ri(>t ])o nujro than om^ I'irst Cansr', 
seeing that tlie existence of mom (.ban one would involvtJ 
the existence of something lUieessitafing moix^ (ban om*, 
which something would be tlic tnn^ 1^’irst (’aiusic Mow 
self-destructive is the assumption of two or nunx^ InfinitiNS 
is manifest on remembering that sncli IntiMit(\s, l>y limit- 
ing each other, would become fiiiito. And similar]}', an 
Absolute which existed not alone, but along with other 
Absolutes, would no longer bo an a.bsolutc but a relative. 
The Unconditioncal, therefore, as elassilile neitlier wilh any 
form of the conditioned nor wii.li a,ny other lIiuioiiditiiiiHMl, 
cannot be classed at all. And to a,d*mit that it can not lx; 
known as of such or sucli kind is to admii, that it is 
unknowable. 

Thus, from the very nature of tliougld;, the relativity of 
our knowledge is inferable in tlux^o severa.! ways. As we 
find by aiialy^iing it, and as wo see it olijectively displa}<'d 
in every proposition, a tliouglit involva^s relaima^ (fijfcr- 
encOj liJceness. Wbafever does not jiresent imrh of thcs(» 
does not admit of cognition. And lKm<*e we may say thjit 
the ITnconditioned, as presei.:d;ing nom,; (d tiiem,* is Irebiy 
unthinkable, 

§25. From yet another point of view wo may disewrn 
the same great truth. Jf iMstea.d of exa.mining oiir hiitiJ- 
lectual powers directly as cxliibiied in the act of tliuiiglit, 
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or indirectly as exhibited in thought when expressed hy 
words, we look at the connection between the mind and 
the world, a like conclusion is forced upon us. In the 
very definition of Life, when reduced to its most abstract 
shape, this ultimate implication becomes visible. 

All vital actions, considered not separately but in their 
ensemble, have for their final purpose the balancing of cer- 
tain outer processes by certain inner processes. There 'are 
unceasing external forces tending to bring the matter of 
v/hich organic bodies consist into that state of stable equi- 
librium displayed by inorganic bodies; there are internal 
forces by which this tendency is constantly antagonized ; 
and the perpetual changes which constitute Life may be 
regarded as incidental to the maintenance of the antago- 
nism. To preserve the erect posture, for instance, "we see 
that certain weights have to be neutralized by certain 
strains. Each limb or other organ gravitating to the 
Earth and pulling down the parts to which it i^ attached 
has to be preserved in- position by the tension of sundry 
muscles; or, in other words, the group of forces which 
would, if allowed, bring the body to the ground has to be 
counterbalanced by another group of forces. Again, to 
keep up the temperature at a particular point the external 
process of radiation and absorption of heat by the sur- 
rounding medium must be met by a corresponding internal 
process of chemical combination, whereby more heat may 
be evolved; to which add that if from atmospheric changes 
the loss becomes greater or less the production must become 
greater or less. And similarly throughout the organic 
actions in general. 

When we contemplate the low^'er kinds of life w^e see 
that the correspondences thus maintained are direct and 
simple, as in a plant, the vitality of wdiich mainly consists in 
osmotic and chemical actions responding to the co-exist- 
ence of light, heat, water, and carbonic acid around it.^ 
But in animals, and especially in the higher orders of 
them, the correspondences become extremely complex. 
Materials for growth and repair not being, like those 
which plants require, everywhere present, but being wddely 
dispersed and under special forms, have to be found, to be 
secured, and to be reduced to a fit state for assimilation. 
Hence the need for locomotion, hence the need for the 
senses, hence the need for prehensile and destiuictive applL 
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ances, hence the need for an elaborate digestive appjira,tiis. 
Observe, however, that these snceessivo (‘(anplications are 
essentially nothing but aids to the main terni, nee of the 
organic balance in its integrity, in op])osition to tliose 
physical, chemical, and otlier agenevies whicli tend to oven*- 
tiirn it. And observe, moreover, that while t.!H\se siicces- 
sive complications subserve tliis fundamental adaptation 
of inner to outer actions, tlicy are tliemsidves notliing else 
but furtlier adaptations of inner to outer actions. For 
wbat are those niovemoiits by wliicdi a predatory crcaituro 
pursues its prey, or by wliich its prey seeks to escapeg but 
certain changes in the organism littt;d to meet (‘.ertain 
clianges in its environment? Wlnit is tluit (*■( impound 
operation wliich coTistitiites the })er(Hvption ot‘ a jiiec’c of 
food but a particular correlation of rua’vous rii<)dili(*ath)n 
answering to a particular correlatioii of physicail pro|)er- 
tics? Wiiat is that process liy which, food when swallowed 
is rodueed to a tit form for assimihition but a. s(‘t of me.- 
chanical and ehomical actions responrling in Ibe rmuduinical 
and chemical actions whicli distinguish tlie food ? \V hen(,;<i 
it becomes manifest that while Li.fe in its sim|)lest form is 
the correspondenc.o of certain inner pliysico-tduunieal ac- 
tions with certain outer ])liysieo-ch(iini<ml acd-ions, ea^cdi 
advance to a higher form of Life consists in a l)e(,ter pres- 
ervation of this primary corresixmdence by ilie estalilish- 
ment of other (jorrespondences. 

Divesting this conception of all su|)crlluities and reduc- 
ing it to its most alistract sliape, we hvm that J/ife is defhiar 
ble as the continuous a<ljustment of iubaniai redations to 
e,xternal relations. And when we so dellno it W(^ discover 
that tlie pliysi(*nl and the psychical life art^ e<|i{ally eoiri- 
preliended by tlie definition. We perceive tlmt this wldidi 
we call Intelligence sliows itself when ilieextiumal ladations 
to whicli the internal ones are adjnstesd liegin to be im- 
rncroiis, (iomplex, and remote in tinu‘. or s])ae(t" -that 
every advance in Intelligence essentially consists in the 
estalilishment of more varied, more and moi'e 

involved adjustments; and that even the high(‘St ae!iiev(‘- 
ments of science are resoivablo into mental relations of 
co-existenco and scffncnce, bo co-ordinated as exactly to 
tally with certain relations of co-e.xistmu’e and sec|iu*iu!e 
that oeenr externally. A caterjiillar wamlering at randoin 
and at length iiiiding its way on to a plant having a certain 
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odor, begins to eat — has inside of it an organic relation 
between a particular impression and a particular set of 
actions, answering to the relation outside of it, between 
scent and nutriment. The sparrow, guided by the more 
complex correlation of impressions which the color, form, 
and movements of the caterpillar gave it, and guided also 
by other correlations, which measure the positions and 
distance of the caterpillar, adjusts certain correlated mus- 
cular movements in such way as to seize the caterpillar. 
Through a much greater distance in space is the hawk, 
hovering above, atfected by the relations of shape and 
motion whi(3li the sparrow presents; and the much more 
complicated and prolonged series of related nervous and 
musciilar changes gone through in correspondence with 
the sparrow’s changing relations of position finally succeed 
when they are precisely adjusted to these changing rela- 
tions. In the fowler experience has established a relation 
between the appearance and flight of a hawk and the de- 
struction of other birds, including game. There is also in 
him an established relation between those visual impressions 
answering to a certain distance in space and the range of 
his gun ; and he has learned, too, by frequent observation, 
wliat relations of position the sights must bear to a point 
somewliat in advance of the flying bird before lie can fire 
with success. Similarly, if we go back to the manufacture 
of the gun. By relations of co-existence between color, 
density, and place in the eartli a particular mineral is 
known as one which yields iron; and the obtainment of 
iron from it results when certain correlated acts of ours 
are adjusted to certain correlated affinities displayed by 
ironstone, coal, and lime at a high temperature. If we 
dsecend. ycjt a step further, and ask a chemist to explain 
the explosion of gunpowder, or apply to a mathematician 
for a tlieory of projectiles, we still find that special or 
general rchitions of eo-existonce and sequence between 
properties, motions, spa(#cs, etc., ai'e all they can teach us. 
And lastly, let it l)e noted tliat what we call truths guiding 
us to si:u‘.cessful action and tlie consequent maintenance of 
life, is simply the a,ccnrate correspondence of subjective 
to olqeotive re]a,tions; wliile wer, leading to failure and 
tlierefore toward death, is the absence of such accurate 
correspondoiK'ie. 

If, then, Life in all its manifestations, inclusive of intel- 
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ligeiice ill, its higliest .fornis, consists in tlie eontirmons 
adjustment of internal relations to external relations, ihc 
necessarily relative cliaracter of oiir knowledge liecoines 
obvious, l^lie sirnplest cognition lieirig tlie (‘siitblislrnifmt 
of some eonnecjtion between sn Injective states, answmving to 
some (‘()iineetion l)etwe{‘n olijeetive agencies, and each 
successively more complex cognition lieing tlie (‘stalilisli- 
ment of some more involved (‘onnection of siudi statics, 
a;nswering to some more involved connection of such agmi*- 
cies, it is clear tliat the proc^ess, no nnitter liow far it Iso 
carried, can never bring within tlic roach of inieiligtnnHi 
eitlier the states themselves or the agenci(‘s tln'inseivcs. 
Ascertaining which tilings Of^ciir along willi wliich, and 
what tilings follow wliat, srijsposing it to be |siirsned ex- 
liaiistively, must still leave ns witln (‘o-existcnct'S and 
seqoeiu^es only. If every act of knowing is the formation 
of a relation in eonsm’ousness parallel to a, riilation in thr^ 
environment, tlien tlie relativity of knowledge is self- 
evident—becoriK's, indeed, a truism, ''rhinkiiig being 
rehitioning, no tliought can ever expnnss movo than 
relations. 

And here let ns not omit to mark liow Unit to which 
oiir intelligenee is coniined is that with whi(*h alone our 
intelligence is concerned. The knowledge wilhin our 
reach is the only k.nowledge that can he of servieij to iis. 
Tliis nuiinteiuineo of a coiTespondeiKa^ lietwemi inhnmul 
actions ami external actions, whieli })oih consliiutivs our 
life at ea.ch moment and. is the means wl)ei‘<*hy life is con- 
tinued tlirongli snl)se({n(mt monimds, merely rcfjuircs that- 
the agencies acting upon us shall Lu^ known in jlmircfn 
existences aaid seqmmces, aiid not that tluyv sliall h(‘ known 
in themselves. If 'x and ?/ arc two nnifoi'mly cimnected 
properties in some outer olijcart, wliih^ n and h ar(> llui 
elfocts tliey produce in our consciousness; and if while tlie 
jiropiirty ;r prodnex^^^^ us tlie indilTorcnt inentai slatiw/, 
tiio pr()|)crty ;y pnid rices in us the painful mmilal stall* /; 
(answering to a plijsical injury); then, all lhaf is requisite 
for our guida-Mcc is, that x hiding the unihumi accompani- 
ment of 1/ externally, a sludl lie the uniform accamijianimcnt 
0*' inimmally ; so tliat wluvn, h}' tlie presermo of .r, h is 
prodiu'od in lajiisciousness, /q or rather the idea of /q shall 
follow it, and (excite the motions liy wliiith tlie elleet of if 
may be escaped. The sole need is tliut a and ij and tlu,* 
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delation between tliem, sliall always answer to x and y and 
the relation between them. It matters nothing to iis if a 
and I) are like x and y or not. Could they bo exactly 
identical with, them we should not be one whit tlie better 
ol!, and their total dissimilarity is no disadvantage to ns. 

Deep down, then, in tlie very nature of Life the relativ- 
ity of our knowledge is discernible. The analysis of vital 
actions in general leads not only to the conclusion that 
things in themselves cannot be known to ns, but also to 
the conclusion that knowledge of tlicin, were it possible, 
would be useless. 

§ 2G. There still remains the final question, What must 
wo say concerning that wliich transcends knowledge? Are 
we to rest wholly in tlie consciousness of phenomena? Is 
the result of inquiry to exclude utterly from our minds 
everything but tlie relative? or must we also believe in 
something beyond the relative? 

Tlie aiuswer ol: pure logic is held to be, that by the limits 
of our inlielligenco we arc rigorously confined witlun the 
relative, and tluit aayything transcending the relative can 
lie (bought of only as a, pure negation or as a non-existence. 
“The is conceived merely by a negation of con- 

ceivahility,” writes Sir William Hamilton. “ The Ahsohde 
and the Infi/nile.,'' says Mr. Maiisel, “are thus, like the 
and the hnperexpfM names indicating not 
an object of tliouglit or of consciousness at all, but the 
mere a.bsen(*e of the conditions under which consciousness 
is possible.’' Erom each of wliich extracts ma.y be deduced 
tlie conclusion tliat since reason cannot warrant us in 
affirming tlie positive existence of what is cognizable only 
as a n(\gai.i(>n, wo cannot rationally affirm the positive exist- 
cikh^ of juiytliing beyond plienomena. 

lJii«ivoi<hil)lo a.s this conclusion seems, it involves, I 
tliinlv, a gruivc (UTor. If the ])reiiiiss be granted tlie infer- 
oncui must; doubiJi^ss be admitted ; but the premiss, in the 
form jiresonfssi \yy 8ir William Hamilton and Mr. Mansel, 
is not sfrictJy (.rue. Though in the foregoing pages the 
as'gnmenis used by tb(‘sc writ.ers to show that tlie .Alisolute 
is unkiiowalih^ ha\'e lieeii a|>pr()viugiy ([noted, and though 
tlieso ;irgiutieni.s have been (mforccd liy others equally 
thorougligoing, yet tliere remains to bo stated a qualifica- 
tion wiiiidi saves us from that scepticism otherwise neces- 
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sitated. It is not to be denied that so long as we confine 
ourselves to the purely logical aspect of tlie question i;lie 
propositions quoted above must be accepted in tlH.n* en** 
tirety; but when we contemplate its inoro generui, or 
psychological, aspect we find that these ])ix>p()fcitions arc 
imperfect statements of the truth— omitting, or rather 
excluding, as they do, an all-important fa(jt. To speak 
specifically: Besides that defaiitG comcioixmem of which 
logic formulates the laws there is also an hdeliiiifc 
sciousness which cannot be formulated. Besides coin|»h'tc 
thoughts, and besides the thoughts which tliough in(*nni- 
plete admit of completion, there are thoughts whkdi it is 
impossible to complete, and yet which are still real, in tlio 
sense that they are normal affections of the intellect. 

Observe in the first place that every one of the arginnmd s 
by which the relativity of our knowledge is (IcnK)iistrafe(i 
distinctly postulates the positive existence of some thing 
beyond the relative. To say that uo cannot know tJui 
absolute is, by implication, to affirm tliat there hs* an abso- 
lute. In the very denial of our power to learn vc/fc// tlu^ 
absolute is, there lies hidden the assumption iliat it is ; and 
the making of this assumption proves that the absolute 
has been present to the mind, not as a nothing, but as a some- 
thing. Similarly with every step in tlie reason iiig l)y 
which this doctrine is upheld. The Noumenon, every- 
where named as the antithOvsis of the Plienome nou, is 
throughout necessarily thought of as an actuality. It is 
rigorously impossible to conceive that our knowledgfc is a 
knowledge of appearances only, without at tlio saints time 
conceiving a reality of which they are appeairjinccns; for 
appearance without reality is iinthirdvable. Htrikci out 
from the argument the terms unconditioned, infinite*, ahso- 
lute, with their equivalents, and in place of theui write 
‘^negation of conceivability,'' or absence of the conelitioim 
under which consciousness is possible,'’ and you fiiui tliat 
the argument becomes nonsense. Truly to reulij:!! in 
thought any one of the propositions of wliich the arginru'rit 
consists, the unconditioned must he repreBentcul as positive 
and not negative. How, then, can it be a legiti m a la ^ c*on- 
clusion from the argument that our consciousness of it is 
negative? An argument, the very constniotiori of whicli 
assigns to a certain term a certain meaning, but whicli 
ends in showing that this term has no simh meaiiiiig, is 
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simply an elaborate suicide. Cle<arly, then, the very dem- 
onstration that a definite consciousness of the absolute is 
impossible to us unavoidably presupposes an indefinite con- 
sciousness of it. 

Perhaps the best way of showing that by the necessary 
conditions of thought we are obliged to form a positive 
though vague consciousness of this which transcends dis- 
tinct consciousness, is to analyze our conception of the 
antithesis between relative and absolute. It is a doctrine 
called in question by none that such antinomies of thought 
as whole and part, equal and unequal, singular and plural 
are necessarily coiiccnvcd as correlatives. The conception 
of a part is impossible without the conception of a whole. 
There can be no idea of equality without one of inequality. 
And it is admitted that in the same manner the relative is 
itself conceivable as sucli only by opposition to the irrela- 
tive or absolute. Sir William Hamilton, however, in his 
trenchant (and in most parts unanswerable) criticism on 
Cousin, contends, in conformity with his position above 
stated, that one of these correlatives is nothing whatever 
beyond tlie negation of the other. ‘‘Correlatives,” he 
says, “ certainly suggest each other, but correlatives may 
or may not be equally real and positive. In thought con- 
tradictions necessarily imply each other, for the knowledge 
of contradictories is one. But the reality of one contra- 
dictory, so far from guaranteeing the reality of the other, 
is notliing else than its negation. Thus every positive 
notion (the concei')t of a thing by what it is) suggests a 
negative notion (the concept of a thing by what it is not); 
and the highest positive notion, the notion of the conceiv- 
able, is not without its corresponding negative in the 
notion of the inconceivable. But though these mutually 
suggest each otlier, the positive alone is real; the negative 
is only an a],)straction of the other, a,nd in tlie liigliest 
generality even an abstraction of tliouglit itself.” jSIow 
tlie asstjrtion that of sucli contradictoj'ies “the negative is 
(rnhj an alistraciiion of tlie other” — “ is nofJ/ing else ilnm its 
negation”- — is not true. In such correlatives as equal and 
unetjual it is obvious enough that the negative concept 
cont.iuiis someihing besidi^s tlie negJition of the positive 
one, for the tilings of whicli equality is denied are not 
aliolislied from consciousness by the denial. And the fact 
overlooked by Sir William Hamilton is that the like holds 
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even with those correlatives of which the nept ivf ”i- 
conceivable, in the strict sense of the won 1. late Jor 
example the Limited and the irnlimitccl._ <>ur iionoii ol 
the Limited is composed firstly of a coii.'Ciou.'iicss oi .simie 
kind of being, and secondly of a eonscinusnr« Uie iiii- 
its under which it is known. In the iirifil liciioa! notion 
of the Unlimited the conscionsness of InniU i« itboli-dmil, 
but not the consciousness of some kiii<l oi iiinng. _ It, j.-; 
quite true that in the absence of conceived liiniis t Ins (•oii- 
sciousness ceases to be a concept, properly .so c:u ed, but it 
is none the less true that it remains ns a mode id cou- 
sciousness. If in such cases the ncgni.ivc rontnidudory 

were, as alleged, “ ” tlian tin- ncgid iiiii ot the 

other, and therefore a mere nonentity, then it would 
clearly follow that negative contradictoric.s (Minhl hr u.-od 
interchangeilbly. Tlio IJnliiiiitccl iniglit* tliouglif ol ji.s 
antithetical to the Divisible, and the iMtlivi^ibh^ us anti- 
thetical to the Limittid; while tho lant I loil Uh'V cannot Ih‘, 
so used proves that in consciousness tlac. h nl ini it it* I am I the 
Indivisible are qualitatively distinct and t licnncrc jiositive 
or real; since distinction cannot exist l>ctwc<*n nothings. 
The error (very naturally fallen into liy ])hili)S()pljcrs iiitcnt 
on demonstrating the limits and conditions of conscious- 
ness) consists in assuming that ca)iiHci()iisiii*ss contains 
notlii‘}%g hut limits and conditions, to tlic entire neglect oi 
that which is limited and conditioned. It is lorgotieu 
that there is something which alike foniis tiic ra-sv inuicrial 
of definite thought and remains after tlie. d(*{initmu‘ss wiiicli 
thinking gave to it has been destroyed- Noiw all this ap- 
plies by change of terms to the last a.nd highest of tlusse 
antinomies — that between the Relative a, nd the Xoic rcla tive. 
We are conscious of the Relative as exist, once luulcr condi- 
tions and limits. Itis impossible that idiestuiondiiitais uiul 
limits can be thought of apart froin Humcthlng to whiv'h 
they give the form. The abstraction (cf these coialitions 
and limits is, by the hypothesis, the nDsiraciinn <»r dicin 
only; consequently there must lie aresiihiary consihousiiess 
of something vdiich filled up their outlines, and this imhhi- 
nite something constitutes our consciousness of the X<m- 
relative or xihsolute. Impossible tli on g;h it is to give to 
this consciousness any qualitative or quandlativi* (expres- 
sion whatever, it is not the less certain thai it mimins 
with us as a positive and indestructible tdoiaeat of tliought. 
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Still more manifest will this truth become when it is ob- 
served that our conception of the Eelative itself disappears 
if our conception of tlie Absolute is a pure nega.tion. It is 
admitted, or rather it is contended, by tlio writers I have 
quoted above, that contradictories can be known only in 
relation to each other; tliat Equality, for instance, is un- 
thinkable apart from its correlative Inequality, and that 
thus the Ilelative can itself be conceived only by opposition 
to tiie Non-relative. It is also admitted, or rather con- 
tended, that the consciousness of a relation implies a con- 
sciousness of l)oth the related members. If we are required 
to conceive the rehitioii between tlie Eelative and Non- 
rehitivo witliout biiing conscious of botli, “we are in fact*' 
(to quote the words of Mr. M'ansel differently applied) 
“required to compare that of which we are conscious with 
tliat of which we are not conscious; the comparison itself 
being an act of consciousness, and only possible through 
tlie coiisciousnoss of both its objects.''' What tlien becomes 
of the assertion that “the Absolute is conceived merely by 
a negation of conceivability," or as “the mere absence of 
tlie conditions under which consciousness is possible?” If 
tlie .Non-relative dr Alisolute is present in thought only as a 
mere negation, then tlie relation between it and the Eela- 
tive IjcLumies unlhiiilvable, because one of the terms of the 
relation is absent from consciousness. And if this relation 
is unthinkable, then is tlie Eelative itself unthinkable for 
want of* its antithesis; whence results the disappearance of 
all tliouglit wlnitever. 

Let me liere point out that both Sir William Hamilton 
and Mr. Mansel, do, in other places, distinctly imply tliat 
our consciousness of the Absolute, indelinite thougli it is, 
is positive and not negative. The very passage already 
(juoted from 8ir William Hamilton, in wliich ho asserts 
tliat “ the aJjsoluio is conceived merely by a negation of 
cumceivaJiility,” itself ends witli tlie remark that “by a 
woiKlerfiil revivhition, we are tlins, in the very conscious- 
ness of onr inability to conceive aught above the relative 
and (inii.o, insidred with a iK^lief in the existence of sonie- 
tliiiig iimionditioned lieyond the sphere of all comprehen- 
sible reality.” Tlie last of these assertions priietically ad- 
mits ilnil; wliicli tlie otlior denies. Ey tlie laws of tlioiigdit, 
as Sir William Hamilton has interpreted them, he finds 
himself foixjed to tlie conclusion that our coiisciousnoss of 
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the Absolute is a pure negation. Ho iioyei'tlieltvs linds 
that there does exist in consciousness an irresisl.ilhc wm- 
viotion of the real “ existence of something iincond itiunciL 
And he gets over the incousistemy by speaking ol Ibis 
convietion as “a wonderful revelation,” “a, belicl” wiili 
which we are “ inspired,” tlrus apparent ly lunting tliat it 
is siipernatu rally at variance witli tiie laws ()i t in Might . 
Mr. Mansel is betrayed into a like inconsistcnig'. U iien 
he says that “we are compelled by tlie (joiistit iitiim ol uiir 
minds to believe in the existoiicc ol an Ahsolnt.e and iidi- 
nite Being — a belief wliich appears forced n]Hm ns as tlie 
complement of our conscionsuess of the reljiti\<s and I lie 
finite,” he clearly says by iiuplicatioii that this eoiiseious- 
ness is positive and not negative. He tacitly adirilis that 
we are obliged to regard the Absolute as senudhing more 
than a negation — that our eonsciousness of it is not ” the 
mere absence of the conditions under wliicvli coiiseiousness 
is possible.” 

The supreme importance of this rpuhstion niusl; be my 
apology for taxing the reader’s attentiou a, littii* further, 
in the hope of clearing up the reinaining dilli<*ult ies. 
The necessarily positive character of our (*onseiouHness of 
the Unconditioned, which, as wo have seen, follows froni 
an ultimate law of thought, will bo Ixdter ujiderstood on 
contemplating the process of thought. 

One of the arguments used toin’ove tlie relativity of our 
knowledge is that we cannot conceive Space or Tiimmis 
either limited or unlimited. It is pointed out that wlien 
we imagine a limit there simultaneously aris(\s ilat eonscious- 
ness of a sjiace or time existing beyond the limit, d'his 
remoter space or time, though not <‘<mi(‘uiplalcd as defi- 
nite, is yet contemplated as real. ''J’hough do not form 
of it a conception proper, since we do ruit firing it 
within bounds, there is yet in our minds tlie uus!iap<‘d 
material of a conception. Similarly with our c<iiiseioiisuess 
of Cause. We are no more able to form a ei rcunist'ri IkhI idea 
of Cause than of Space or Time, and we a.r{‘ coustHpimitiy 
obliged to think of the Cause wliiidi transi-iunls I he limihsof 
our thought as positive though imlefinitm dust in the 
same manner that on conceiving any liounded space? fhere 
arises a nascent eonsciousness of sjiace outsi<|o the hounds, 
so when we think of any definite cause tlie re arises a nuseent 
consciousness of a cause behind it; and in the one caBc as 
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ill the other, this nascent consciousness is in substance like 
that which suggests it, though without form. The mo- 
nientuni of thought inevitably carries us beyond condi- 
tioned existence to unconditioned existence, and this ever 
j>ersists in us as the body of a thought to which we can 
give no shaiie. Hence our firm belief in objective reality 
— a belief which metaphysical criticisms cannot for a 
nioinent shake. When wo are taught that a piece of mat- 
ter regarded by us as existing extejmally cannot be really 
known, but that we can kiiow oidy certain impressions 
produced on us, we are yet, by the relativity of our thouglit, 
compelled to think of tliese in relation to a positive cause 
— tiie notion of* a real existence which generated tliese 
impressions becomes nascent. If it he proved to us that 
every notion of a real existence which we can frame is 
utterly inconsistent with itself — that matter, however cou- 
eeiveci. by ns, cannot bo matter as it actually is, our 
conception, thongli transfigured, is not desti'oyed. Idiere 
remains tiio sense of reality, dissociated as far as possible 
from those special forms under which it was before repre- 
sented in til ought. Thougl) Philosophy condemns succes- 
sively each attempted coueejition of tiie Absolute — tliongh 
it pi’ovtn-5 to us til at t.ho Absolute is not this, nor that, nor 
that — tliongh in ohedioneo to it we negative, one after 
anotlier, eacli idea as it arises, yet as we cannot expel the 
entire contents of coiivsciousness tliere ever remains behind 
an elomcnt wliich passes into new shapes. The continual 
negation of each particular form and limit simply results 
in the more or less complete abstraction of all forms and 
limits, and so ends in an indefinite consciousness of the 
u u formed and unlimited. 

And liere wo come face to face with the ultimate diffi- 
culty: How can there possilily be constituted a conBcious- 
TU‘s.s of tlie unfornied and inilimitod, when, by its very 
nature, conscfiousness is possiiile only under forms and 
limif.sV If every consciousness of existence is a conscious- 
m.^ss of (vxistenco as conditioned, tlien how, after the nega- 
tion of conditions, can there be any residuum? Though 
not directly withdrawn liy the withdrawal of its conditions, 
must not tlie raw inateivial of oonsciousness be withdrawn 
by implicat;ion? Must it not vanish when the conditions 
of its existence vanish? That there must be a solution of 
tliis diiliculty is manifest; since even those who would put 
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it; do, JIB already bIiowti, admit that; wo have some Biicli 
eoimcioiiaiiesB; a,iid tlie solution apfxuu’S to ])o that 
sluidowod forth. Such eonseiousuoss is not, and eannot 
1)0, {‘oiistitiited by atiy single iiKurlal act, lait is the pro- 
diiet of many ineutal acts. In, each, concept thciai is an 
ehanont wliic-li ‘persists. It is alike iinj)ossil>l(i f«;r this 
ehnneid/ to ])o absent from c.o:ns<dousm!ss a, ml for it to Ijo 
present in consc'ionsness alone. Either altermiti ve involves 
iiricorKScvionsiHvss — tfie one from tlm want of tlie siihstaMee, 
the other from the want of tluv foi'in. l>ut thci [Hirsistcvnco 
of this element under snccessive conditions nca^ssi/tf/cs a, 
sense of it as distinguiBlied from tlie conditions and indm 
penderit of them. The sense of a sormvthing tlnit is (uvidi- 
ti()ned in every thought ca-nnot he got rid of, hi'cause ilie 
soinetliiiig cannot be got rid of. How ilien imisi, (.incrtmsc) 
of tliis Bomething bo eonstituted ? Evidiaitly by con bill- 
ing successive eoiuaqits d(‘priv(‘(l of their limits ami ec inti- 
tions. We form this imhhinii.e tlionght as we form liiany 
of oivr delinii.e tbonglits, liy ihe coalesianiee of a selves of 
ttionglits. Ijot mo itlnsi.rate this, A hirgc (ami j ilex objt*c{., 
having attrihutes too mimerons to he rej»’cscn((‘d nt. omag 
is yet tolerably well eoruieived by iJie union of smaval ng)- 
resontations, each standing for |)a,rt of its ati.rilm tos. On 
tliinking of a piano tliore first risers in imagination its vis- 
ual appearauce, to wlvieli are insta;utJy adiled (though by 
separate mental acts) the ideas of its rmnole sidc^ and <)f 
its solid substanee. A conpiletc e(mci‘ptiou, liowevmg in- 
volves tlie strings, tlie hammers, tlie (hunpers, the piulals; 
while siie(X!Sslv(vl.y adding tlu^se to tln^ eoiuugition, tlu'. athri- 
laites first tlionght of lapse moi*t‘ or I(*ss (Mmipletclv out of 
eonseiousness. ,NevertlK^]<‘ss, tlie whole, gnmp (*onstitui(vs 
a represoiitatlon of tlie jviano. Now as in 1-Iris cjtse we form 
a divfiiiite camex of a special existence, hy imposing limits 
and eonditions in successive acts; so, in the eonv<‘rse (visc, 
by taking away tlie limits and conditions in siuMtcssi ve a<‘ds, 
we form an indelinite notion <d‘ general exisi(*m'(‘. iiy 
fusing a series of sta-i.es of eonseiousiiess, in (‘a,ch of whicJi, 
as it arises, tlie limitations and (fomiitions are abolished, 
tliere is jiroduced a (ainsc/uirisness of sometliing uncondi- 
tioned. dk) sjiea-k rrnrrcs rigorously: this etonscionsmess is 
not tlie^ abstract of any one group of tJioughts, ideas, or 
coiiceptions; l)ut it is tluji alistract of uU tboughis, ideas, 
or conceptions. That wiucl:i is common to tliein allj nml 
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cannot bo got rid of, wliat we ])rcKli<^ate by tlio word 
existence. Dissociated as this becomes from eacli of its 
inodes by the perpei/ual cliango of tlioso modes, it remains 
as an indetinite consciousness of sometliing constant under 
all inodes—of: being ajiart from its appearances, ''i'lie dis- 
tinction wo feel lietwecn special and general existence, is 
tlie distinction between tlin.t wlacli is cliangeal)]e in ns, 
and tliat wliicdi is viiichangeable. Tlie contrast betw'cen 
tlie Absolute and Itolative in oiir minds, is really the 
contrast between that mental element wliicli exists abso- 
lutely, and tlioso which exist relatively. 

By its \'cry luitiirc*, therefore, tin's ultimate mental ele- 
ment is at once necessairily indetinite and necessarily inde- 
struei.ible. Oiir consc.iousness of the unconditioned being 
llteraJly uncondiiionotl consciousness, or raw material 
of thouglit to which in thinking we give definite forms, it 
follows tlnit an ever-present sense of real existence is the 
V(M’y liasis of our intelligence. As we can in successive 
menitil acts get rid of all particular conditions and replace 
them by otliers, but cannot get rid of that nndifferentiated 
substance of consciousness wliich is conditioned anew in 
every thouglit ; tliero ever remains with ns a sense of that 
wlncli exists pm’sistcntly ami independently of conditions. 
At tlic sa,mc time that liy the laws of thought we arc rigor- 
ously prevented from forming a conception of absolute 
existence, avo arc l)y tlio laws of thought equally prevented 
from i*i deling ourselves of tiie consciousness of absolute 
existence), this consciousness being, as Ave here see, the 
obverse of our self-consciousness. And since the only pos- 
sible measure of rela^vive validity among onr beliefs, is the 
degree of i-heir persistence in opposition to the efforts made 
to change them, it follows tliat this Avhich. persists at all 
times, under all circninsta.nces, and, cannot cease until con- 
sciousness ceases, has tlio higlicst validity of any. 

To sum up tliis soinenvIudAno elaborate argument: We 
bavo scon how in the very assertion tliat all our knowledge, 
projxvrly so called, is liohitive, there is involved tlio asser- 
tion tliat there exists a. Nou-relative. We have seen liow, 
ill eacli step of the argument by Avhich this doctrine is 
established, tlie same assumption is made. We have seen 
how, for the V(3ry necessity of tlunking in relations, it 
follows tliat the ilelativo is itself inconceivable, except as 
related to a real Non-relative, We have seen that unless 
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a real ISroii-rclativo or Absolute l)e ]-)Ostula,i;o(i, l.lie 
itself becomes absolute; and so brings tlie a.i\gaiiiuyiit to a 
contradiction. And on con tern j)bii/ing tht^ ]>i*ocess of 
thoiigbt, wo Inive e<{ua}ly seen bow ini]>ossi})}e it is to got 
rid of the consciousness of an act rial ity lying Ixdiind a.|>“ 
pearances; and liow, from tliis im[)OSBil)iiity, results our 
indestructible belief in tliat aetmilily. 


CHAPITER Y. 

THE EE(X)N'01].]ATI0]Sr. 

§ 27, Thus do all linos of aa-giiment convintgo to tbo 
same conclusion, inference reiu'lied a prinrij In the 

last cliat>ter, ciiTitirnis .tlio inferences whicli, in ifu^ two 
preceding c]m]>tcrsj wore laawduul a poHli^riori. I’hose 
irnbocilities of tlic vindorstanding tluit disidosc^ tJu‘nis(dves 
when we try to answer tbo bigtiest ({lu^stions of obj(‘ct iv(‘ 
science, snlijective scien(‘.e proves to bo iHtc(.‘Ssila.t(‘d by tlio 
laws of that iinderstanding. W'e not only buirn liy tlie 
frustration of all our efforts, that the reality underlying 
appearances is totally and forever inconceivabie liy ns, but 
we also learn why, from tlio very natulan of our intelligeneo, 
it must be so. Finally we discover that this conclusion, 
which, in its rinqualified forrn, seems ojiposed to the. in- 
stinctive convictions of mankind, falls ini.o liarmony witJi 
tliem wlieii the missing rjiialilioatioii is supjilicd. dliough. 
the Absolute caainot in any manner oi: d(;gr(H5 knowm in 
the strict sense of knowing, yet wt‘- lind tluit its posil ivo 
existence is a necessary da.tum of cousciousuf^ss; t.hui s<» 
long as consciousness coil till lies, wt^ caainot for an instant 
rid it of this datum; and that thus the h(bief which this 
datum constitutes has a higher warrant tiiau any otluu* 
whatever. 

Here then is tliat basis of agreement we set out to 
seek, d^liis conclusion which objective scietUMj illnstraicts, 
and sulrjective science sliows to lie unavoidu-ble —this 
conclusion whicli, while it in tlie main expresses ilio 
doctrine of tlie Ifnglisli siihool of ]Vhllosf){)hy, rcM'ognizccs 
also a soul of trutli in the doctrine of the. antagonist 
German scliool — tins conclusion whicli lirings the resulis 
of speculation into harmony witli those of (Hininum sense, 
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is also tlie conclusion wiiiclx reconciles Religion with Sci- 
ence. Coni moil Sense asserts the existence of a reality; 
Objective Science proves that tiiis reality cannot be what 
we think it; Subjective Science shows why we cannot think 
of it as it is, and yet are compelled to think of it as exist- 
ing; and in this assertion of a Reality utterly inscrutable 
in nature, Religion iinds an assertion essentially coinciding 
with her own. We are obliged to regard every phenoin- 
enon as a iiianifestation of some Power by whicli we are 
acted upon; tliongli Omnipresence is niithinkable, yet, as 
experience discloses no bounds to the diffusion of phenom- 
ena., we ai’e unable to tliink of limits to the pi’esence of 
tills Power; wliile tiie ei’iticisms of Science teach ns that' 
this Power isincompreliensible. And this consciousness of 
an liicoinprelninsible Power, called Omnipresent from ina- 
bility to assign its riniits, is just that consciousness on 
which Religion dwells. 

''Po understand fully how I'eal is the reconciliation thus 
readied, it will be needful to look at the receptive atti- 
tudes that Religion and Science have all along maintained 
toward tills conclusion. We must ohscinxi how, all along, 
tlie irnpcrfections of ca.cli Iiave been undergoing correc- 
tion by the other; and how tlie final outcome of their 
inutiia! criticisms can be nothing else than an entire 
agreement on this deepest and widest of all truths. 

§ 28 . In Religion let us recognize the high merit that 
from the beginning it has dimly discerned the ultimate 
verity, and has never ceased to insist upon it. In its earliest 
and. crudest forms it manifested, however vaguely and in- 
consistently, an intuition forming the germ of this highest 
belief in which all pliilosophies finally unite. The con- 
sdovisiiess of a mystery is ti’aeeable in fhe rudest fetisliism. 
Eacli higlier religions creed, rejecting those definite and 
simple iiiterprctations of Nature previously given, lias be- 
come more religious by <ioing this. As the quite concrete 
and. conceiviible agencicB alleged as the causes of tilings 
have been replaced by agenci(,is less concrete and conceiv- 
able, the clement of mystery has of necessity become more 
predominant, 'riirough all its successive phases the dis- 
appearance of those ])ositivo dogmas by which the mystery 
was made unmysterious, has f<.)rmed tlio essential change 
delineated in religious liistory. And so Religion has over 
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been approximating toward tliat complete recognition of 
this mystery which is its goal. 

Por its essentially valid belief, Religion Inis eonstantlv 
done battle. Gross as were the disguises under wliieli it 
first espoused this belief, and eherisluiig tliis belief thoiigli 
it still is, under disfiguriTig vestments,' it lias never ceased 
to maintain and defend it. It has everywhere estalili.shed 
and propagated one or other modilieat'ion of tlie iloetrine 
that all things are manifestations of a Power that, tran- 
scends our knowledge. Thougii from age to age, .Scieiiee. 
has continually defeated it wherever tliey h.'ive eome in' 
collision, and has obliged it to relinquish one or nioi’e of 
its positions, it has still held the remaining ones vrilh un- 
diminished tenacity. No e.xposure of Ihe'logical incon.^is- 
tency of its conclusions — no proof tliat each of its |iuriicnlar 
dogmas was absurd, has been aide, to wca.ken it.s alleinaiice 
• to that ultimate verity for which it stamls. Aftrw criti-' 
cism has abolished all its argumcut.s and reduced it to 
silence, there has still remained with it the iiidcstrnctihle 
consciousness of a truth which, however faully the mode 
in which it had been e.xpressod, was yet a tnii h heymul 
11 • conviction its adherence has iieen 'siih- 

stantially sincere. _ And for the guardianship ami dif- 
tusion ot it Humanity has ever been, and mnsi; ever he, its 
debtor. > . 

But while, from the beginning, Religion ha,s had the un- 
essential oflice ot preventing nien from heiim whollv 
absorbed in the relative or immediate, ami .d' a.walieniii:. 
them to a consciousnes.s of something liejond it, this otliee 
has been but very impcideetlv disci, arfed. Rcli-don has 
ever beeu more or less irreligious; and 'it coutimms to he 
partially irreligious even now. In the first idace as iie ’ 

eS professed to have soim’ knowi- 

edge of that which transcoiuks knowledge; and has s,, 
contradicted its own teachingB. While wi'tl, om, hrealh ’ll 
has asserted that the Cause of all thing.s passes u ieh’ mfa ,',1 

breath, asserted tliat the Cause, 
of all things possesses such or such attrilmte.s—eun he in 
so far understood. In the second jihiee, whilo in <rreat 

Soiriff ® ferity to_the greit truth it lus ha'l to 
uphold, it has often been insincere, and eon.sequentlv irre- 
gious, in maintaining tiie untenable doctrines by which 
It has obscured this great trutli. Each assertion ie.siHmt- 
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ing tlie nature, acts, or motives of that Power which the 
Universe manifests to us, has been repeatedly called in 
question, and proved to be inconsistent with itself, or with 
accompanying assertions. Yet each of them has been age 
after age insisted on, in spite of a secret consciousness that 
it would not bear examination. Just as though unaware 
that^ its central position was impregnable, Keligion has 
obstinately held every outpost long after it was obviously 
indefensible. And this naturally introduces us to the 
third and most serious form of irreligion which Eeligion 
has displayed ; namely, an imperfect belief in that which 
it especially professes to believe. How truly its central 
position IS iinjn'egnable, Iteligiou has never adequately real- 
ixed. In the devoutest faith as wo habitually see it, there 
lies liidden an iiinormost core of scei)ticism; and it is this 
scepticism whicli causes tliat dread of inquiry displayed 
by lteligi()n. wlien face to face with Science. Obliged to 
al)jindon om) by one the superstitions it once tenaciously 
lield, and dail}^ finding its cherished beliefs more and more 
shaken, Eeligion sliows a secret fear tliat all things may 
some day bo explained ; and thus itself betrays a lurking 
doid)t whether tliat Incompreliensibio Cause of which it is 
conscions is really incompre]icnsil)Ie. 

Of Eeligion, then, we must always remember, that amid 
its many errors and corruptions it has asserted and diffused 
a supremo verity. From tlie lirst, the recognition of this 
supreme verity, in liowover imiierfeet a manner, has been 
its vital element; and its various defects, once extreme but 
gi-adoally diminishing, have been so many failures to rec- 
ognrzo ill full tliat which it recognized in part. The truly 
religions element of Religion has always been good; that 
wliieh Ini-S proved untenalile in doedrine and vicious in 
1ms lieen its irreligious okmieiit; and from this it 
lias been ever undergoing }mri(ica,tion. 

I 21). And now oljservo that, all ahmg, tlie agent which 
lias elToctcd tlio jiiiriiicatioii has lieen Science. We habit- 
na,lly overlook the fact tliat tliis has been one of its func- 
tions. lieligion ignores its imnienso debt to Science; and 
Sidence is scarcely at a, 11 conscious how much Religion owes 
it. Yet it is demonstralile that every step by which Relig- 
ion has })rogresscd from its first low coiicoption to the 
comparatively liigh one it has now reached, Bcience has 
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helped it, or ratlier forced it, (;o take; aii<l that evcni now, 
Seienec is urging further stoj>s in the same. <lire(*i ion. 

'Using tlicword Science in i ts true sens(‘, ns compreliend- 
ing all positive and detinite knowledge of tlie ordm* (‘xisting 
ainong surrounding plienomena, it Ijecxnnes manifest that 
from the outset tlui discovery of an istahlished order has 
inodiiied tiuit conception of disorder, or urnleitvrmimMl 
order, wliieh underlies every sn|)erstition. As fast, as ex- 
perience proves tliat certain familiar cdianges always happeii 
in tlie same sequence, tliere begins to fade from thc^ mind 
the conception of a special personality to wliose ^nrialjh^ 
will tltey were before astiril)ed, Aiul winnn sh/p hy step, 
acraiinulatirig observations do the like with Uio hsss fainiliar 
cluniges, a siinilar inoditicatiou of ])eiief tidves j)lace with 
respect to them. 

While tliis |)rocess seenns i.o those wlio efTetd., a,nd t.hose 
who undergo it, tin anti-niligious oiug it is really tJn.^ re- 
verse. Instead of the spee.ihe. comprelumsil)ie agency lH‘fore 
assigned, there is substitutisi a less s])eci(ic and less (tom- 
prehensible ageuey ; and thougli tliis, standiug in oj>posi- 
tion to the provious one, cannot at (irst call foi*tli tlii^ sarne 
feeling, yet, as being less compreliensiblc, it must eventu- 
ally call forth this feeling more fully. Ihike an insi-anee. 
Of old the Sun was regarded as the chariot of a god, drawn 
by liorses. How far the idea tlius grossly expressed, wa.s 
ideaiiKod, we need not inqiiiro. It suirices to remark that 
this accounting for the ajjparent motion of the thin by an 
agenciy like certain visible terrestrial agmurii'S, red need a 
daily wonder to tlie lcv(‘l of tlie eommom^st ini.elie<d. 
When, many centuries after, Krqiliu* diseovenMl that the 
planets moved round the Sun in cllips(‘s and d<‘scribcd 
equal areas in equal times, lie comd tided that in (*aclx 
planet there must exist a spirit to guide its movmueuis. 
Here we see tliat witli, tlie progress of Hc-iema^, t.here had 
disappeared the idea, of a gross meclianiiad traction, sucli 
as was first assigned in tlie case of tlie 8nn; Imt that, while 
for this tliere whs substitiitcid an indefinite {uid less easily 
conceivable force, it was still thougiit needful to assurne h 
special personal agent us a cause of the reguhtr irregtilarily 
of motion. When, finally, it wcis jirovcd iJiat thesi* |ilaii- 
etary revolutions, w^ith, all tdieir variaf ions and (listiu*ba,nces, 
conformed to one universal law — wlien the presiding siurits 
which Kepler conceived were set aside, and tlio force of 
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gravitatioii put in their place— the change was really the 
abolition of an imaginable agency, and the substitution of 
im xinimaginable one. For though the km of gravitation 
is within our mental grasp, it is impossible to realize in 
thought the force of gravitation. Newton himself con- 
fessed the force of gravitation to be incomprehensible 
without the intermediation of an ether; and, as we have 
already seen (§ 18), the assumption of an ether does not 
in the least lielp us. Thus it is with Science in general. 
Its progress in grouping particular relations of phenomena 
under laws, and these special laws under laws more and 
more general, is of necessity a progress to causes that are 
more and more alxstract. And causes more and more ab- 
stract are of necessity causes less and less conceivable; since 
tlie formation of an abstiaud conception involves the drop- 
|)ing of certain concrete elements of thought. Hence the 
most abstract concoption, to which Science is ever slowly 
appr(.KiciiiTig, is one tliat merges into the inconceivable or 
untliinkable, by tlie dropping of all concreted elements 
of tliouglit. And so is justilied the assertion, that the 
b(di(^is which Scien(*e has forced upon Ileligion have been 
intidnsically more religious than those which thev sut> 
phnitcHl. 

Scvicuiecliowever, like Religion, has hut very incompletely 
fiilfilied its olHc.e. As licligion lias fallen short of its func- 
tion in 80 ^ far as it lias been irreligious, so has Science fallen 
sliort of its function in so far as it has been unscientific. 
Ijot us note tho_ several parallelisms. In its earlier stages, 
Bcienco, wliile it began to teach the constant relations of 
plicTiornena, and so discredited the belief in separate per- 
sonalities as the (tauses of them, itself substituted the be- 
lief in causal agencies whicb, if not personal, were yet 
(ioucrete. When certain facts were said to sliow “ Nature’s 
abliorrence of a vacuum,” when the properties of gold "were 
explained as duo to some entity calliMl “ anreity,” and when 
the phcuiooiena of life wore attributed to “a vital princi- 
ple,” tliere was set up a mode of interpreting the facts, 
whicli, while antagonistic to the religious mode, because 
assigning otlicr agencies, was also unscientific, because it 
lirofessed to know tliat; about whicli notliing was known, 
ilnving aba^ndoiied tiiese metaphysical agencies — having 
seen tliat they were not independent existences, but merely 
special combinations of general causes, Science has more 
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recentiv ascribed extcDsive groups oi: ph<3noiiU‘!ia eleo 
tricity; chemical affinity, and other like general pnwrr^ 
But in speaking of those as ultimato^ and ^nMlcgrimdeiii 
entities, Science has preserved svibstantialiy inn sane* nlli- 
tiuie as before. Ac(X)unting thvis :f<)r all |dirnomen:e Uinso 
of Life and Thought included, it has md. only maintaiiuMi 
its seeniing antagonism to heligion, 1>\ alleging ag<'iMdi‘.s 
of aradieffily unliko kind; lmt,'in so far as it has taidtly 
assumed a knowledge of tliese ageindes, it has etmti iiued, 
unscientific. At the present tiirug howevN-r, the rnest ad- 
vanced men of science are abandoning tliese later euneigi- 
tions, as their predecessors aba-ndoned the (*arli(‘r ones. 
Magnetism-^ heat, light, etc.,wlncli were a whihgsinee S|H>!veu 
of as so many distinct irnponderabii^s, [diysieistK are^ now 
beginning to regard as diil'ercut niodt's of maiviiissiaiion of 
someone universal force; and in so doing ariM*e:ising to 
think of this force as comprehensible. In eaeh phasf‘ <d' 
its progress, Science hastlnis stopfied short with sn|)erheial 
solutions — has unscientifically negh‘el:(‘d to a.-k wlmt. was 
the nature of the agents it so familiarly inyoki‘d. 'flmngli 
in each succeeding phase it lias gone a. little deeper, inid 
merged its supposed agents in more gi'ruu’al and ahstraet 
ones, it has still, as before, rested eont.ent with tlnnse as if 
they were ascertained realities. And this, wlviidi lias all 
along been the unscientilic characteristic of He.ienee, lias 
all along been a part cause of its coiiilict with lieligion. 

§ 30. We see then that, from the first, the fardts of liotb. 
Eeligion and Science Iiave been the fardts of imperfeot. devel- 
opment. Originally a mere nuUment, eaeh has iHavri 
growing into a more comiilete form; (lie vice of each has 
in all times been its inconipletoness; the disagreiuinuits 
between them have throughout lieeii nothing more than 
the consequences of their incornpleteju'ss; ami as they 
reach their final forms, tliey come into entin^ liarnmny. 

The progress of i n toil igeiice has tlirouglmui heen dtial. 
Though it has not seemed so to thosii wlio mado it, evm*y 
step in advance has been a step towanl ])(»i h Hut nat iirai 
and the supernatural The better irderpretat ion of inicth 
phenomenon has been, on the one Iiand, the nqeetioii of 
a cause that was relatively eonceivalde in its nainre but 
unknown in the order of its actions, and, on the other 
hand, the adoption of a cause that was known in the order 
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of its actions but relatively inconceivable in its nature. 
The first advance out of universal fetishism manifestly 
involved the conception of agencies less assimilable to the 
familiar agencies of men and animals, and therefore less 
understood ; while at the same time, such newly conceived 
agencies, in so far as they were distinguished by their uni- 
form elfects, were better understood than those they 
replaced. All subsequent advances display the same 
double result. Every deeper and more general power 
arrived at as a cause of phenomena has been at once less 
compreliensible than tlie special ones it superseded, in the 
sense of being less definitely representable in thought; 
while it has been more comprehensible in the sense that 
its actions luxvo been more completely predicable. The 
progress lias thus been as much toward the establishment 
of a. positively iiiiknown as toward the establishment of a 
positively known. Tliough as knowledge approaches its 
culmination, every unaccountable and seemingly supernat- 
ural fact is liroiight into the category of facts that are 
accountable or naturarl; yet, at the same time, all account- 
able or mitural facts are proved to be in tlieir ultimate 
genesis luiaccoiiutalfic and supernatural. And so there 
arise two aaititlietical states of mind, answering to the 
opposite sides of tliat existence about which we think, 
wliile our consciousness of Nature under the one aspect 
constitutes Hoience, our consciousness of it under the other 
as])ect constitutes Ileligion. 

Otherwise contemplating the facts, we may say that 
Religion and Science liave been undergoing a slow differen- 
tiation; and that tlieir ceaseless conliicts liave been due to 
the imperfect separation of their spheres and functions. 
Religion has, from tlie first, struggled to unite more or less 
science with its nescience; Science has, from the first, 
ke|)t liold of more or less nescience as though it were a 
|)art of soienee. l^tuii lui.s been obliged gradually to re- 
linquish tliat territory which it wroiigly claimed, while it 
lias gained from the other that to winch it had^ a right; 
and the antagonism between tliem has been an inevitable 
a(u,*,om|)a-iiiineut of tliis process. A more specific statement 
will make this clear. Religion, though at tlie outset it 
asserted a mystery, also made numerous definite assertions 
respecting this mystery — professed to know its nature in 
the minutest detail, and in so far as it claimed positive 


90 


FIRST PRINCIPLES. 


knowledge, it ti’cspassed upon the jrrovinee of Rcienee. 
From the times of early mythologies, wlien siieh ini i mate 
acM|iiaiivtaiu*e witli the mystery was alleged, down t,o our own 
days, wiieii but a. few ai)s(.riiet a.nd \'agm‘ pro] >osi lions are 
niiiintained, Religion has been eompedledby Scvienee to give 
up OTIC after anotluvr oi* its dogmas — tlmse assumed e«»g- 
nitions wliich it (•ould not sii]:)sta?itia(:e. in tin* mean time, 
Seicmee substituted for the persomililaes to wdiioli ifeligion 
ascribed plieriomena, certain metapbysirail entities; and in 
doing this it tn^spassetl on tiie province of Ifeligioti; since 
it classed among the tilings wliich it (•omprelienderl certain 
forms of tlic ineempreliensible. i^irtly by tlie erit ioisms 
of Religion, whicli lias oecasionally calh'd* in <|m*stiou its 
assumptions, and partly as a consepuenee of sjHintaiu’ous 
grovvtii, SeioiUH‘ lias been obligisl to aiiaiulon tliese attemjits 
to ineiude within the boumhudes of knowhulge that wbicdi 
cannot be known; and lias so yielderl u() to Religion tliat 
whicii of riglit belonged to it. Ho long as this process of 
dilTereutiation is incomjilete, more or less of ardagonism 
must continue. Gradiuiliy as tlu‘. limits of jiossible eogni- 
tion arc cstablislied, tlio causes of conllict will diminish. 
And a permanent peace will bo reaelied wlien Seienee be- 
comes fully convinced tliat its ex|,)lanati(>ns are proximate 
and relative; wliile Religion becomes fully convinced that 
the mystery it contemplates is ultimate arid afisolute. 

.Religion and Science ai*c tlicreforc necessary (•(irrela, laves. 
As already liinted, tliey stand r(,\s]) 0 (da vely for* IJtoKi^ two 
amtitlietical inodes of conseiousmvss which <’annot (exist 
asunder. A known cannot tlionghi, of a]uiri. from an 
unknown; nor can an unknown bit tJiougbt of ajiart f{*om 
a known. And by conserpnrncc neitbm* ean bi^('ome nimc 
distinct without giving greater disl.im.dncss to tin* other. 
To carry further a metaplior before iis(id*~ d ln‘y are the 
positive and negative poles of thought; of wliich m‘ithcr 
can gain in intensity without ima-easing the intensity of 
the otlier. 

§ 31. Thus the couseiousness of an Inserntable Iknvcr 
manilestod to us tlrrough all pheiiomeMa has !H*en growing 
over clearer; a.nd must eventually he freed from its im- 
periectioris, Idie certainty tliat on the one hurid sncIi a 
Ikiwia exists, ^ while on the otlier hand its nature iransramds 
intuition and is beyond imagination, is the certainty to- 
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ward winch intelligence has from the first been progressing. 
To this conclnsion Science inevitably arrives asfit readies 
its confines; while to this conclusion Religion is irresistibly 
driven by criticism. And satisfying as it does the demands 
of the most rigorous logic at the same time that it gives 
the religious sentiment the widest possible sphere of action, 
it is the conclusion we are, bound to accept without reserve 
or qualification. 

Some do indeed allege that though the Ultimate Cause 
of things ■ cannot really bo thought of by us as having 
specified attributes, it is yet incumbent upon us to assert 
these attributes. Though the forms of our consciousness 
are such that the Absolute cannot in any manner or degree 
be brought within them, we are nevertheless told that we 
must represent the Absolute to ourselves under these forms. 
As writes M)\ Mansel, in the work from which I have 
already quoted largely: “It is our duty, then, to think of 
God as personal; and it is our duty to believe that He is 
infinite.’’ 

That this is not the conclusion here adopted, needs 
hardly be said. IE there be any meaning in the foregoing 
arguments, duty requires us neither to alfirm nor deny 
personality. Oiir duty is to submit ourselves with all hu- 
mility to 'the established limits of our intelligence; and 
not perversely to rebel against them. Let those who can, 
believe that there is eternal war set between our intellectual 
faculties and our moral obligations. I for one, admit no 
such radical vice in the constitution of things. 

Tlvis which to most will seem an essentially irreligious 
position, is an essentially religious one— nay is ilia religious 
one, to which, as already shown, all others are but aiiprox- 
imations. In the estimate it impliesof the Ultimate Cause, 
it lines not fall short of the alternative position but c.voeeds 
it. Tlioso who espouse this alternative position make the 
erroneous assum ption that the clioice is between personality 
and something lower than personality; whereas the choic 
is rather between personality and something higher, 
it not lust possible that there is a mode of being as mi 
transcending Intelligence and Will, as these transcend m 
chanical motion’^ It is true that we are totally unable t 
conceive any such higher mode of being. _ But this is noi. 
a reason for questioning its existence; it is rather the 
reverse. Have we not seen how utterly incompetent our 
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minds are to form even an approach to a conee|)tion of 
that which underlies all phenomena? Is it nof; proved 
that this incompetcncy is the incorn petency oi llui (Condi- 
tioned to grasp the Unconditioned? Does it not foilow 
that the Ultimate Cause cannot in anyrcs|)cct be concivivcMi 
by us because it is in every respect greater than cari be 
conceived? And may we not therefore riglitly rc^frain 
from assigning to it any attributes whatever, on tdie groiuid 
that such attributes, derived as they must he from <)ur 
own natures, are not elevations but degra<lations? ludca‘d 
it seems somewhat strange tliat mem should su|)pose ilie 
highest worship to lie in assimihiting the obje(*t of tlieir 
worship to themselves. hJot in a^sserting a transrunulant 
diference, but in asserting a certain likeness, (‘ousists I In? 
element of their creed which tliey think essential, li is 
true that from the time wlicu the rudest savag(\s imagined 
the causes of all things to be creatures of iicsli a.nd blood 
like themselves, down to our own tirm^, tlie (k^grec^ of as- 
sumed likeness has been climinisliing. Ihit though a 
bodily form and substance similar to that of man has 
long since ceased, among cultivated races, to be a literally 
conceived attribute of the Ultimate Cause— though tlio 
grosser human desires have been also rejected as luiiit tdci- 
ments of the conception — though there is some hesitation 
in ascribing even the Inghcr human feelings, save in greatly 
idealized shapes; yet it is still thought not only |)rcpi‘r, 
but imperative, to ascribe tlic most abstract (ju'alities of 
our nature. To think of tlic Crcaitivc IViwm- as in all re- 
spects anthropomorplioiis, is now considennl irn|)iouH liy 
men who yet hold themselves bound to tbiidv of th(j ( -re- 
ative Power as in some respects aidbrojiomorphons; aju! 
who do not see that the one pnxxjeding is but an twarics- 
cent form of the other. And then, most marvellous of all, 
this course is persisted in even by those wlio (amteud t lmi 
we are wholly unable to frame any conception wiudeviu* of 
the Creative Power. After it lias been sliowii tliat every 
supposition respecting the genesis of tlio Univens(u;onif 
ns to alternative impossibilities of tliouglit— after it lias 
been shown that each attempt to conceive real (‘xistence 
ends in any intellectual suicide— after it luis been shown 
why, by the very constitution of our minds, we are etr‘r- 
n ally debarred from thinking of the Absolute; it is still 
asserted that wc ouglit to think of tlio Absolute thus and 
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tlnis. In all imaginable ways we find thrust upon us the 
truth, that we are not permitted to know — nay, are not 
even permitted to conceive — that Eeality which is behind 
the veil of Appearance; and yet it is said to be our duty to 
believe (and, in so far to conceive) that this Eeality exists 
in a certain defined manner. Shall we call this reverence? 
or shall we call it the reverse? 

Volumes might be written upon the impiety of the pious. 
Through the printed and spoken thoughts of religious 
teachers may almost everywhere be traced a professed 
familiarity with the ultimate mystery of things, which, to 
say the least of it, seems anything but congruous with the 
accompanying expressions of humility. And surprisingly 
enough, those tenets which most clearly display this famil- 
iarity are those insisted upon as forming the vital elements 
of rdigious belief. The attitude thus assumed can be 
fitly represented only by further developing a simile long 
current in tlieological controversies — the simile of the 
watch. If for a moment we made the grotesque supposi- 
tion that the tickings and other movements of a watch 
constituted a kind of consciousness; and that a watch pos- 
sessed of suc'Ji a cons(viousness insisted on regarding the 
watciiiiuikcr’s actions as (Ictermined like its own by springs 
and escapements; wo slioiild simply complete a parallel of 
which religious teacliers think much. And were we to 
suppose tluit a watch not only formulated the cause of its 
existence in these mechanical terms but held that watches 
were bound out of reverence so to formulate this cause, 
and even vituperated, as atlieistic wi\tches, any that did 
n{,)t venture so to formulate it; we should merely illustrate 
the presurnption of theologians by carrying tlieir own argu- 
ment a step further. A few extracts will bring borne to 
tlio reader tlio justice of this comparison. We are told, 
for exEimple, by one of bigb repute among religious tliink- 
e]‘S, tluit tlui IJnivcrse is “ the manifestation and. abode of 
a Free iliiid, like our own; embodying His personal 
tbonght in its adjustments, realizing llis own ideal in its 
pbenomena, jnst as we express our inner faculty and char- 
acter through the natural language of an external life. 
In this view, wo interpret Nature by Humanity; we find 
the key to Tier aspects in such purposes and affections as 
our own consciousness enables us to conceive; we look 
everywhere for pliysical signals of an ever-living Will; and 
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decipher the universe as the autobiogrnpliy rd’ iin Iiifiiiite 
Spirit, repeating itself in miiiiatiire witivin our l-’iiiito 
Spirit.” The same writer goes still riirtlier. He not only 
thus parallels the assimilation of tlie wati'lmiaker to j ho 
w'atch — he not only thinks tlie oioatetl eaii “ liofiphor” 
“ the autobiography of the Groatiiig; but ho assorts iliat 
the necessary limits of the one are lUHXssary limits of tins 
other. The primary qualities of boilies, ho .says, “ Itolong 
eternally to the material datum objecd.ive to dod'' atid 
control his acts; while the secondary muss arc “ |)rndiu'f,a 
of pure Inventive Reason and Determining Will"-- consti- 
tute “ the realm of Divine originality.” .' . . “Wliileon 
this Secondary field llis JMind and oars are thus contnistcd, 
they meet in resemblance again upon the I’riinary; for I ho 
evolutions of deductive Reason there is but otm track pos- 
sible to all intelligences; no vic'rmii. cun inlcr- 

change the false and true, or make more than onegeoinelrv, 
one scheme of pure Pliysics, for all worlds; and f heDmniji’o- 
tent Architect Himself, in realizing the Cosmieal .coneep- 
tion, in shaping the orbits out of immen.sity and dcjermin- 
ing seasons out of eternity, could but follow ttu! laws 
of curvature, measure and proportion, d’liat i.s to sav, 
the Ultimate Cause is like a human mechanic, not oidy as 
‘shaping’ the ‘material datum objective, to’ Him, Imt also 
as being obliged to conform to tlie nccesaary propertie;s of 
that datum.” Nor is this all. ' There folhnvsi-'onie aei-ount 
of “the Divine psychology,” to tlie e.xtent of savina- iliat 
we learn “the character of God — the order of .-drecliims in 
Him” from “the distribution of authority in (lie Ine- 
rarchy of our impulses.” In otlier words, it Is aliened that 
the Ultimate Cause has de.sire,s that are to he eiai-:; . d as 
higher and lower like our own.* Every one has heard <(f 
the king who wished he had been present at the I'lsadbrn 
of the world, that he might have given good adviee. lie 
was humble, however, compared with tiio.se who pi-efess lo 
understand not only the relation of the Creaf ing to the 
created, hilt also how the Creating i,s eon.stituli'd. And 
yet this transcendent audacity, which claims to penetrute 
the secrets of the Power manifested to u.s through ail exi-jt- 
ence-— nay even to stand behind that Power and note (ho 
conditions to its action — this it is whicli passes vurnmi as 


in the Natwjwl Review for October, 1860. 


'Nature mul Ooil,’’ 



FIRST PRINCIPLES, 


95 


piety! May we not without hesitation afiirm that a sin- 
cere recognition of the truth that our own and all other 
existence is a mystery absolutely and forever beyond our 
coinprehension, contains more of true religion than all the 
dogmatic theology ever written? 

Meanwhile let us recognize whatever of permanent good 
there is in these persistent attempts to frame conceptions 
of that whicli cannot be conceived. From the beginning 
it luis been only through the successive failures of such 
conceptions to satisfy the mind, that higher and higher 
ones liave been gra, dually reached; and doubtless, the con- 
ceptions now current are indispensable as transitional 
modes of thoiiglit. Even more tlian this may be willingly 
conceded. It is possil)le, nay probable, tha-t under their 
most abstract forms, ideas of this order will alwmys con- 
tiiiue to occu])y the background of our consciousness. 
Very likely there will ever remaiii a need to give shape 
to that indeOnito sense of an Ultimate Existence, which 
forms the basis of our intelligence. We shall always be 
under the ne(!essity of contemplating it as some mode of 
being, tliat is, of representing it to ourselves in some 
form of thouglit, however vague. And we sliall not err 
ill doing this so long as we l;reat every notion we thus 
frame as mercVly a symbol, uttiwly without resemblance to 
tliat for which it stands. Ikmlia-ps tlio constant formation 
of sucli syrnliols and constant rejection of them as inade- 
(jua/tc may bo liereal'tcr, as it has hitherto been, a means of 
(liscJ jdino, Ikvrjietiuiriy to coiivStruct ideas requiring the 
utmost stretch of our faculties, and perpetually to find that 
sucJi ideas must bo abandoned as futile imaginations, may 
rcMilize t<o us, more fully than any other course, the great- 
ness of i.hat which wo vainly strive to grasp. SucIi efforts 
and fa/iliires may servo to maintain in our minds a due 
Bcmsc of tlic inciirnnierisu ruble dilfcrenco between tlie Con- 
ditioned and tlu^ lJuc-onditioned. By continuailly seeking 
to know and bcriiig continually thrown back witli a deep' 
cried (jonviclvion of the imjiossiliility of knowing, we imi 
ket‘p alivcwtlie coiiscionsness that it is alike our highes 
wistlom a^ndour Jugliest duty to regard that through which 
all tilings exist; a.s The Unknowable. 

§ An itrunense majority will -a’efusc, with more or 
less of iridignation, a belief seeming to them so shadowy 
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and indefinite. Having always embodied the Illtiinate 
Cause so far as was needful to its mental iT'Jiiizaiirjn, tliey 
must necessarily resent the substitution of a,n IMtimate 
Cause wliicb cannot be mentally reali/.ed ji,t all. “ You 
offer us,” they say, “ an unthinknahle absti'aotion in, phuiO 
of a Being toward wliom wo inay entertriiii dehnite feidiiigs. 
Tliougli we are told tliat the A],)solnte is real, yet sim‘,e we 
are not allowed to conceive it, it might as well be a. [mre 
negation. Instead of a Power which we (‘an r(^ga,rd as 
having some sympathy* with us, you would havc^ us (con- 
template a Power to which no emotion whalmtu' c:in be 
ascribed. And so we are to be dei)rived of t lu.^ very su{)<- 
stance of our faith.” 

This kind of |;)rotest of necessity a(ccorn]>anics (‘Virry 
change from a lower creed to a liiglier. dTuc bedief in a 
community of nature between liimself and thc^ of)jc(d< of 
his worship has always been to man a. salJsract.ory oiu*, a, ml 
he has always accepted witli reliKdaiicti iliost* s!U‘('(‘ssi vdy 
less eoncrete conceptions whicdi have bc(ui forcivl upon him’. 
Doubtless, in ail times a, ml pbuces, it has (consoled tiu^ 
barbarian to think of liis deities as so exiuctly like liinistdf 
in nature that they could be bril)ed Ijy olTtc'rings of food ; 
and the assurance that deities could not 1)0 so propitiated 
must have been repugnant, because it de])rive(l liim of 
an easy method of gaining supernatural proteciion. d'o 
the Greeks it was manifccstly a s()un‘(M)f (VJinb that on 
occasions of difficulty tliey could ol)ta,in, through oi’iivh's, 
the advice of their gmds — nay, might evc'ii get Ukc personal 
aid of their gods in battle; ajid it was prohuhly a very 
genuine anger wliicli they visited upon phih)Soph*(‘r.s wlm 
called in question tliese gross idea,s of tludr inylhology. 
A religion wliich teaclies the Hindoo tiiat it is inipossibh^ 
to purchase eternal happiness by placing himself under ihci 
wheel of Juggmmaut, can scar<;ely fadl'to sicem a oruel (Uie 
to him; since it deprives liini of tlie phcasiirabhc consicions- 
ness that he can at will excliange misorit‘s for joys. Nor 
is it less clear that to our CatlioJic amjcstors ih'(c ]«di(*rs 
that crimes could be compoumh'd for by tile lutilding of 
churches, that theJr own ])riiiishin(uits a,nd those of iludr 
relatives could be abridged by the saying of rnaKscig uinl 
that divine aid or forgiveness might ht^tgaim^d through ilie 
iiitercession of saints^ were highly solacing ones; and iliat 
I rotestantism, in substituting the conception of God ho (com- 
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paratively unlike ourselves as not to be influenced by sucli 
methods, must have appeared to them hard and cold. 
Naturally, therefore, we must expect a further step in the 
same direction to meet with a similar resistance from out- 
raged sentiments. No mental revolution can be accom- 
plished without more or less of laceration. Be it a change 
of habit or a change of conviction, it must, if the habit or 
conviction be strong, do violence to some of the feelings; 
and these must of course oppose it. For long-experienced, 
and therefore detinite, sources of satisfaction, have to be 
substituted sources of satisfaction that have not been experi- 
enced, and are therefore indefinite. That which is rela- 
tively well known and real has to be given up for tliat 
which is relatively unknown and ideal. And of course 
such an exchange cannot be made without a conflict involv- 
ing pain. Especially then must there arise a strong 
antagonism to any alteration in so deep and vital a concep- 
tion as that with wliich we are here dealing. Underlying 
as this conception does all others, a modification of it 
tliroatens to reduce the superstructure to ruins. Or, to 
cliaiige the metaphor, being the root with Avhich are con- 
nected our ideas of goodness, rectitude, or duty, it appears 
impossibles that it sliould be transformed without causing 
tliese to witlier away and die. The whole higher part of 
the nature almost of necessity takes up arms against a 
change which, by destroying the established associations 
of thouglit, seems to eradicate morality. 

Fills is by no means all tliat has to be said for such 
protests. There is a much deeper meaning in them. They 
do not simply express the natural repugnance to a revolu- 
tion of belief here made specially intense by the vital im- 
pori;ance of the belief to ho revolutionized, bnt they also 
express an instinctive adliesion to a belief that is in one 
sense tlie best — tlio liest for tliose wlio tlius cling to it, 
tliougli not abstractedly the best. For liere let me remark 
tliat wliat were above s])oken of as the imperfections of 
Keliglon, at first great, but gradually diminishing, have 
been imperfections only as measured by an absolute 
stand Jird, and not as measured by a relative one. Speak- 
ing generally, the religion current in each age and among 
each peo|)le has been as near an approximation to tlie 
truth as it was then and there possible for men to receive. 
The more or less concrete forms in which it has embodied 
7 , 
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the truth have simply Ixxvn tlio iiieaiLSof iiiaking iljiiikalilo 
what would otherwise liavo been unf hi iikafjle, aiifi so ha.v«j 
for the time being' served to iiieroase i is ini jiressi vt‘ness. 1 f 

we consider tlie conditions of tlu^ case we shall iTnd lliis 
to be an unavoidable comdusion. During eaeli stage, of 
evolution men nmst tliink in such l-erms of thought as 
they possess. While all tlie cons|)ieuous changes of whicdi 
they can observe tlie origins luive men and a,nimals aa a.ii'* 
tecedeiits, tliey are iinalile to tliink of aritianalc^nts in 
general under any otlier sliapes, and lienee cnritivo agivn- 
cies are of necessity conceived by tln^iu in t.licsc slnipcs. 
If during tliis jiliase tlicsc concrete eonceptifUis were taken 
from them, and tlio a.ttempt imule to gi\'e thein compara- 
tively abstra.ct conceptions, tlie result would lie to leave 
their minds witli none at a,ll; since tin,* subst i tuba! ories 
could not bo nicnitally rigiroscntei]. Nlmilarly witli evavry 
successive stage of religious bidief down to tlie lasiL 
Thoiigli, as ac'Ciiinulating exjxu'icnees slowly modify the 
earliest ideas of casual pivrsonaJitaes, tlicri! grovv^ ii ji more 
general and vague ideas of tlm.m, yvt iJn'se ea^nnot be at 
once replaced by others still more genmail and vagum 
Further experiences must supply tlict nia:MllitI further ali- 
stractions before the mental void left hy ilio destruction 
of such inferior ideas can be filled by ideas of ji superior 
order. And at tlie present time tlie rtd’usal aliamlon 
a relatively concrete notioii f(>r a relativ(*ly abstract one, 
implies the inability to franio the rcla.tiv(‘iy aiistrm/t om*, 
pd so proves that the change would he jua^uia/ture iiud 
injurious. Still more clearly shall we sec; (lie iujurious- 
ness of any sucli premature change on olism’viug tliai the 
effects of a belief upon eoiidii(‘t must be flimiuislied in 
proportion as the vividness with which it is realized Im> 
comes less. Evils and benefits akin to those wliicb the 
savage has personally felt or learmal frem tlioso who have 
felt them, are the only evils and benefits luM‘an understand, 
and these must be looked for as fxmring in wa.ys like* tliose 
of which he has liad experience, llis V|eitii*H ninst }h\ im- 
agiiied to have like inotives and passions and inethods witli 
the beings around him; for motives am! passions and 
methods of a higher charm, jUu* being unknown to him, and 
m great measure unthinkable by^him, cannot be so reah 
ized in thought as to intlnenco his deeds. During every 
phase of civilization tlie actions of the Unseen Keulity, as 
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well as tlio resulting rewards and punisliments, being con- 
ceivable only in such forms as experience furnishes, to 
supplant them by higher ones before wider experiences 
have made higher ones conceivable is to set up vague and 
uniiifliiential motives for definite and influential ones. 
Even now, for the great mass of men, unable through lack 
of culture to trace out with due clearness those good and 
bad consequences which conduct brings round through the 
establislied order of the Unknowable, it is needful that 
tlici-G should be vividly depicted future torments and fu- 
ture joys, pains and pleasures of a definite kind, produced 
in a inaniK'r direct a,nd simple enough to be clearly imag- 
ined. hi ay, still more must be conceded. Few, if any, 
are a.s yet iitted wJiolly to dispense with such conceptions 
as are ciiri'ont. '’Flic higliest abstractions take so groat 
mental power to realize with any vividness, and are so 
i ii()|)ora,ii ve iipon condiK't unless they are vividly realized, 
iluit tlieir regula-tivo elfocts must for a long period to come 
bo a,|)j)reciable on luit a small minority. To see clearly 
how a rigliti or wrong act generates consequences, internal 
and external, tliat go on branching out moi'e widely as 
yea,rs progress, ri'quircs a rare power of analysis. ' To 
numtally rcijvrestnib even a, single series of these conse- 
qlK!nc^^s, as it stretches out into tlie remote future, re- 
(|nires an equally rare power of imagination. And to 
estimate tliese consequences in their totality, ever multi- 
]>lying in iniml)er wiiile diiiiinishing in intensity, requires a 
grasp o l: tlionglit possessed by none. Yet it is only by such 
analysis, sneth imagination, and such grasp that conduct 
can be riglitly guided in the absence of all other control: 
only so ca,n ultimate rewards and penalties he made to 
outweigh proximal;e pains and pleasures. Indeed, were it 
n<.‘t that tln*oughoiit the jjrogross of the race men’s ex|>er- 
itmees of tiie ellbcts of (joiiduct have l)een slowly gener- 
alizcvl into primdples — wcu'e it not that tliese principles 
lia.ve l)een from geiuvral,ioii to gonertition insisted on by 
parents, niiludd by public opinion, sanctified by religion, 
and enforced by tlvreats of eternal damnation for disobe- 
ditmee— were it not that under these potent influences 
hal)its have been modi lied and the feelings proper to them 
made irinate^wcro it not, in short, that we have been 
rendcuuvd in aMunisiderable degree organically moral, it is 
certain tliat disastrous rosuits would ensue from the re- 
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moval of tliose strong and distijict motives whicdi tlio 
current belief supplies. Even as it is, tiiose who relin- 
quisli the faitli in whi(‘li tluiv ];mve beivn hrouglit; n|) for 
this most abstract faith in. wliiiOi tS(vie,nce and Ileligion unitis 
may not nneoruinmdy fail to ac.'t up to their (•(rrivictions. 
Left to their orga,nic morality, enforcc'd only lay general 
reasonings iin])(vrfectly wrouglit out mid diftieult lo keep 
before tlie mind, tlieir dt,‘fe(d:s of nature will often come 
out more strongly tlum they would Imvc^ done uiuhn’ tlndr 
jirevions creed. The substituted creed (*a!i beconu^ 
adequately operative only when it lieeomes, like tlie 
present one, aai. clement in ea,r]y educatiim, and has the 
support of a strong social sanction. L'or will num liequile 
ready for it nntil, through tlic eontinuancit of a disoijiliiio 
w hi oil lias already partially moulded them to flic o<mdi- 
tions of social existence, they are completely moulded to 
tlio.se conditions. 

We must therefore reeognize tlie resistanee to a change 
of thcHihigical opinion, as in gri'ut measiin* salulaiy. ll is 
not simply tliat strong and <lee])-rooted feelings an* ikh-cs- 
sarily excited to antagonism— it is m,>t simjtl}' tliai the 
highest moral seiitiineuts join in the coiidemnatinn of a 
change which seems to undermine their authority; but it 
is tliat a real adaphition exists between an {.‘stnl)lislK,;d lic- 
lief and tlie natures of tliosc ivlio defend it, ami iluit tJic 
tenacity of the (1 (if eiicc measures the comjdeteness cd' the 
adaptation. .Forms of rtiligion, lik(i forms of giivernruetit, 
must he lit for those wlio Jive under tlnmi; and in (lie one 
case as in the other, tlmt form whic'h is liitest is tlmt hu* 
which there is an instinctive preferem^o As (-(‘riairdy as 
a barbarous race needs a liarsli tm-restrial nii(‘ and bald tin 
ally sliows attachment to a despotism ciqmbh* of t he m-ccs- 
ary rigor, so certainly does sindi a rac(^ need a lM‘li«d‘ in a 
lestial rule that is similarly liarsh, and lutbit.uully sliows 
;a,c.hment to such a lielieL And just in the sanuj way 
at the sudden substitution of free institutions for fyrain 
lal ones is sure to lie followed by a, reaet ion, so, ifaeica'd 
11 of dreadful ideal penalties is all at once riyplactMl l)y 
le presenting ideal penalticH tliat are compai^aii vely gimtlc, 
iiero will inevitably be a return to sonu* moditicathm of 
the old belief. ''l^litgparaJhdisui lif>lds yin. further. Dur- 
ing thpse ea-rly sl.ages in wluhdi there is jin extreme? imain- 
gruity between tl,ie relatively best and tlie absolutely fK.i8t, 
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both political and religions changes, when at rare intervals 
they occur, are necessarily violent, and necessarily entail 
violent retrogressions. But as the incongruity between 
that which is and that which should be diminishes the 
changes become more moderate and are succeeded by more 
moderate retrogressions, until, as these movements and 
counter-morements decrease in amount and increase in 
frequency, they merge into an almost continous growth. 
That adhesion to old institutions and beliefs which in 
primitive societies opposes an iron barrier to any advance, 
and which, after tiio barrier lias been at length Imrst 
through, brings back tlie institutions and beliefs from 
tliat too-forward position to which the momentum of 
change had carried tlicm, and so helps to re-adapt social 
conditions to the ])opular character — this adhesion to old 
institutions and beliefs eventually becomes the constant 
clieck by u^hicli the constant advance is prevented from 
being too ra-pid. This liolds true of religious creeds and 
forms, as of civil ones. And so we learn that tlieological 
conserva-tism, like political conservatism, has an all-impor- 
tant function. 

§ 33. ITiat spirit of toleration which, is so marked a 
cliara,ctcristie of modern times, and is daily growing more 
cons|d('iu)iis, has thus a far deeper meaning than is sup- 
posed. What we commonly regaial simj^ly as a due respect 
for ilic riglit of jirivate judgment is really a necessary 
coiidition to the baJancing of the progressive and conser- 
vative teiul(iiuvies~i$ a moans of maintaining the adapta- 
tion l)otwee!i num'’s beliefs and their natures. It is tlicre- 
fore a spi rit to he fostered ; and it is a spirit which tlie 
eatliolic tliinker, who pert-eives tlie functions of tliese 
vaj'ious (jonflic.'ting <‘.rceds, should above all other men dis- 
play. Donbth'ss wliocn’er feels the greatness of the error 
to whi(‘h. his hallows ding and tla^ greatness of the trutli 
whidi tlu'y ri^ject, will iiiid it hard to sliovv a due patience. 
It is hard for him to listen calmly to the futile arguments 
used in su|)i)o:rt of irrational doctrines and to the misrep- 
reseritM*ition of anttigonist doctriiuis. It is hard for him to 
bear tlie manifestation of that pride of ignorance which 
Bo far tlie jnvide of scneuce. Naturally^ enough, 

sudi a one will he indignant wlion charged witli irreligion 
bccauBO lie declines to accept tlic carpenter-theory of crea- 
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tion as tlie most wortliy one. lie may tliink it. iioedlcss 
as it is {liiliciilt to coiKHail Im ropui!;n;ui(‘o to a. 
wiii(3li tacitly astrribes to UTikrH)\va,l^ a hot* of adula- 
tion such ris \\a)uld btm I in a. liiimau l)cirig. C’on- 

vinecai as Iio is that all pmiishinoMt, as wo si;o it wrought 
out in the order of iuitiirc, is but a, disguis(‘d })tu!eilceric;c, 
there will perliaps escape from Iririi ^iluulg^y coiuh'innation 
of the. l)elief that piiiiisiiment is a divine vengeance, arnl 
tliat divine vengeance is e torn ah jle may he tempted to 
sliow liis contempt when he is told t.liat; acthms instigated 
by an unselfish sjmpatliy or by a ]utre love of n‘ct.itrtih3 
are intrinsieaJly vsinihl, and that condin't is truly gooii, 
only when it is due to a faith whose? 0 ]>cnly ]>rof{‘ssed 
motive is other-worldliness; luit be must rest.rain such 
feelings. Tlioiigli In? may be irnalile to do this duringihe 
excitement of (?ontrovtvrsy, or M'ben otherwise brought face 
to face with, ('.urrent su}K‘.rstitions, he must yet (jualify Iris 
antagonism in calmer moments; so lliat his mature judg- 
ment and resulting conduct may lie without bias. 

To tliis end let liim ever liear in mind tlin*e cardinal 
facts— two of them already dwelt upon, a, ml one still to lie 
pointed out. The first is that with wliich we set out, 
namely, the existence of a firridamental verity iuuh‘r ?dl 
forms of religion, however degraded. In each of tliem 
there is a soul of truth. Tlirougli the gross body of dogmas, 

traditions and rites wliicli contain it, it is always visibh* - 

dimly or clearly, as tlio ease may be. dTris it, is wliich. 
gives vitality even to the rmh^st creed; tin's it is which 
survives every modi ticafion, ami this it is wliieh w<< must 
not forget wlien condemning i.he foi’ins under whicli it is 
presented, ddic second of those cardinal facts, set forth 
at lengili in the hiregoing section, is that, wdiilt? t.liose rton- 
Crete elements in which eacli crce<l emliodics ihi.s soul (d' 
truth are bad as measured by an aJ,)so]ute standard, they 
are good as measured ]>y a rcilativc stjunla/rd. d'liough 
from higher percejitioiis they hide tlu? afisfaxict veri ly \vi t h- 
in them, yet to lower perceptioiis tluy ixnider tlriiwvtw 
more appreciable than it would otherwise be. ’'l'lu.‘y servo 
to make real and influential over men that whicli* would 
else be unreal and uninfluontial. Or we may call thein 
tlie protective envelopes, without which tlie contahuNl 
timtli wmild die. ^i’he remaining eardinal fact is tliat 
these various beliefs are parts of the constituted order of 
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things, and not accidental but necessary parts. Seeing 
how one or other of them is everywhere present, is of 
perennial growth, and when cut down redevelops in a 
form but slightly modi fled, we cannot avoid the inference 
that they are needful accompaniments of human life, 
severally fitted, to the societies in which tliey are indigenous. 
From tlie highest point of view we must recognize tliem 
as elements in that great evolution of which tlie beginning 
and end are beyond our knowledge or conception — as 
modes of manifestation of Tlie U’liki.iowable, and as having 
this for their warrant. 

Our toleration tlieretorc sliould bo the widest possible. 
Or, rather, we slionld aim at something ])oyond toleriition, 
as commordy understood. In de^ng with alien beliefs 
our ciuleawor must h(‘. not simply t^'cl'raiu from injustice 
of word or ([(‘cd, but u.lso to do justice by an open recog- 
nition of positive wortli. We must qiudify our disagree- 
ment with as mu ell as may ])o of sympathy. 

^ 34. dduise admissions will porhajis T)e lield to imply 
tlmt tlie (Uirrent theology sliould l)c passively aece})ted, or, 
at any rate, should not he a,(d;iv(4y opposeii. “ Wliy,'' it 
may be asked, “if a, 11 creeds liave an average fitness to 
tlieir tinu'S and plac.cis, should we not rest content with 
that to wliieh we are bornr' If the established belief con- 
tains an essentia,! truth— if the foi*ms under which it 
presents this truth, tliough intrinsically bad, arc extrinsi- 
cally good —if ilio aliolition of tlieso forms would be at 
present (ici,riinental to the groa.t majority — nay, if tliere 
arc; scarcely any to whom the ultimate and most alsti'act 
beliel’ <ani furnisli an ad(!qiiate rule of life, surely it is 
wrong, for the present a.t least, to propagate tliis ultimate 
a,ud most abstract beli(d'.“ 

The re|>ly is, Unit though existing religious ideas and 
institutions lia\ai an average aihiptaiion to tlie cliaracters 
of ilu‘, |H/ople who live un<ior them, yet, aiS these cliaracters 
arc ever elninging, the a,(Iapiation is ever liecoming irriper- 
feel;; and tlie idea.s a,nrl institutions need r(yrri(,)dcdling with 
a frefnumcy pro])ortiona4e to the rapidity of the change. 
Ileru'e, while it is refjuisite that free play sliould bo given, 
to consei’vaiivo ihouglit and action, progressive thought 
ami action must also have free play. Without tlie agency 
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of both, there cannot bo tlioso continual re-aclaptuiions 
which orderly progress deniiwids. 

Whoever hesitates to utter iJiat wljieh !h» fhiuk.s tlio 
highest trn til, lest it should Ikj too Tiriieh in advanci* of the 
time, may reassure iuinseif by lookiiig at his acts frmn an 
impersonal point of view. Let him duly nailize tlie fact 
that opinion is the agency througli whieli eharaeter afhipts 
external arrangeinents to itself— tliat his opinion rightiv 
forms part of this agency— is a unit of foreo, oonstit uting 
with other such units tlie general i:)ower which works oiit 
social changes, and he will ])er(advi) that; he may |»roja>rly 
give full utterance to liis innerinost eonvietioa, l(‘av}ng ft 
to produce what effect it may. It is not for nothing that 
he has in him tlieso syinpatliies witli muw prineiplos and 
repugnance to othe’nl^ lie, with all his eapaeilit*s a, ml 
aspirations and beliefs, is not an ae<*idenf, but a |n’od!u*tof 
the time, lie must rtim(rml)cr that wvhih* he is a, dcsetnni- 
aiit of the I'jast lie is a panmt of the iuture, ami that Iris 
thouglits are as cliildre;n l)oru to him, wliioli he may not 
carelessly let die. Me, like every other man, may proptniy 
consider himself as one of tlnrmyriad ageneies throiio'ii 
whom works thelJiiknown Cause; and when the I 'uknowu 
Cause produces in him a certain Indicd’, he is iliert'by am 
thorized to profess and act out that hor, to render 

in their highest sense the words of the poet: 

-Nature is made bf^l.fcfT I>y no mean, 

But nature nuikes tliat mean : over that art 

■VVhicl), you sa,y ailds to nature, is an ai-t 

That nature makes. 

Not as adventitious, tlierefore, will t]i« ^visl’ iii;ui 
the faith which is in him. The hif,dic.st, truth he secs ho 
will fearlessly litter, knowing thu(;,'h't what nmv emno of 
it, he is thus playing his right part in tlie world—know- 
ing that if he can otl'oct tile change he aims at — well; if 
not — well also ; though not so well. 
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PHILOSOPHY DEFINED. 

§ 35. After concludi ng tliat we cMDiiot know tlio iilti- 
late nature of tliat wliich is nuniife^ed to ns, there arise 
lie (juesl-ioiis, What is it that wo know? in wliat sense do 
'0 know it? An<l in wliat consists our highest knowledge 
f it? IIa.ving rojiiidiated as impossible the Philosophy 
/liich, |)roihsses to fiirnmlate Ihring as distinguislicd from 
ipiiearauce, it iKiconies needful to say wdiat Pliilosophy 
ruiy is — not siin])ly to spiurify its liniibs, hut to specify its 
haraeter within tfiose limits, (liven a certain spliere as 
lie sphere to wliich huniaii intelligence is restricted, and 
here remaJns to deline the peculiar product of human 
ntolligenen wliich may still be called Philosophy. 

In doing this we may a,dvantageously avail ourselves of 
lie method i'ollowed at the outset, of separating from con- 
e|)tionH that are pa.rtially or mainly erroneous the element 
f truth they contain. As in the chapter on Eeligion 
nd BcieiH^e’' it was inferred that religious beliefs, wrong 
s they niiglit individually be in tlieir particular forms, 
.evertiieless prolialily eucli contained an essential verity, 
nd, tluit tills was most likidy common to them all — so in 
Ids phice it is to lie iuforred that past and present beliefs 
especting the miture of Idiilosopliy are none of them 
'holly fuilse, and tliat iiiat in whicli they are true is that 
II wldcli tliey agree. We have here, tlion, to do what was 
one tlmre— “ to (a)nipa.ro all opinions of tlie same genus; to 
:tt aside as more or less discrediting one anotlier those 
iirious s|)ecial and concrete eiements in which such opin- 
ans disagree; to oliserve wliat remains after the discordant 
onstituents have been eliminated, and to find for this re- 
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mainilig constitnont that {ihstrari. wlih'h lifiliXs 

true tliroiigliout its divergeirt inodiiieai 

§ 36. Earlier speeiilatiofis iHung pa^ised Hvei\ w** sfM* fhai 
among tlie (J reeks, befeia*. there had aris*'!i any iinfinii uf 
Idiilosophy in general, apart frefii parii^ailar inrius ef 
Philosophy, the pari.i(*iilar forms ed‘ it [rnifi whitdi I he 
general notion was teaidse vven^ liyperiieses r(^'p*'‘^i, i fig ;eij|{e 
universal princi{)l{3 tliat eonstitnted rla* e.;ea m e of all enn- 
crete kinds of being. To the (piestiun, W'ha.t is lhai 
exisience of wlncdi tlmse arr? >:hrifs:'y 

there were sundry answers — 'Water, Air, hire. A ihur-'S a! 
liypotliescs of this ali-(‘m})raeing eharaeler Ijaa ing Ih'om 
propounded, it luoaune possihlr^ \\yv Pyilia:n»ras to i'ef(«'ei\o 
of Pliilosopliy in the aI)St.rael, as knowledge fhe mo. f ronmfe 
from piaietical ends, a, ml to <jefine it as “knouh dio* »>|' 

immatoriai and eternal things” ” itieeame <0’ ihr maJenai 

existence of things” h(‘ing, in his vimv, Nundfeia d’!i»n’o- 
after we find eontiniKal a. pursnii. (d‘ Idiilosnpii^ a,; vnnas 
ultinnite interprefation <d’ the I ni verse, asaimerj !♦» ho 
possible whetluu* arduaJly reaehed in any ease or mU. Am! 
in the course of this pursuit various sueh ultimate inf» r' 
pretations wtu'e given, as that ” Om; is tlm heginning rd* all 
things,” that “the t)ue is (led, ‘’that ” tin* One is Finili*,” 
tlnit“ thoOnc is In finite,” that” Inhdligenee is tlie girvern- 
things,” and soon. From all whieh it is 
plain that tlie knowledge su ppostal to const itufe Fldlonri. 
|)]iy diilercd from oiJnu* knowledge in its ira,n;f Mideid^ 
exlnrustivai (duu’acd.cu’. In t.hc snlroMpient; eon re etf sprem- 
latioM, after tlu^ se.e{)ties had shaken men's fait h ift ilieir 
powei’S ol rea.(’liing sm h tas'uisemalerd. knouletloe, t here 
grew up amueh restricted eoneeptionof Idnlosophy. rir-- 
der Socrates, and still more nmim* tin* Stoi^os fdidro'ophy 
heeamo little (flm tlian the doetrim* of riidit living. Ifs 
siibject-rnatter was praiddieally (uit df»wn to tire 'pri:.»|ier 
ruling of condnet, puhlie and'private. KffI, indeed, fhat 
the proper ruling of condiiet, nsermeeived In- eintdry of 
tlie later (Ireek thinkers to ifonstlint'C suhjeer.niiajjj-r rd" 
idiilosophy, answoriid to what was p(*i>ularly undimio^od 
by tlie propm' ruling of condiuit. Tim injiiindioiis of Zmai 
were not of tlie same class as idiosit wliieh giiitied nu-n 
froin ^ early times downward, in their tiaily idisr-rvanees, 
saci ihccB, ciistoins-'^ail liaviiig mure or less c„i| religious 
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sanction; but tliey were principles of action enunciated 
witliout rcferenee to times, or persons, or special cases. 
What, then, was the constant element in these unlike ideas 
of Philosophy lield by the ancients*? Clearly, the character 
in whicli tliis last idea agrees with the first is, that within 
its spliere of inquiry Philosophy seeks for wide and deep 
truths as distinguished from the multitudinous detailed 
truths wliicli the surfaces of things and actions present. 

By comparing the conceptious of Philosophy that have 
been eurreut in modern times, we get a like result. The 
(lis(;i|)les of StVIielling, Ficlite, and their kindred, join the 
]h^gt‘lia.n in. I’idicailing the so-called Philoso|)hy wlrieli has 
usurpc.ul the tilJii in Fngia.u(l. Not witliout reason, they 
hiugh on reading ot ‘' Philosophical ijistinirneiits,’’ aiid 
would deny that any one ot tlic papers in tlie FMlosophm^ 
Ihtiisaclioiis has tlie h'ast claim to (umic under sucli a title. 
BetaJiat iiig on their critics, tlie J^iiglish may, and most of 
them do, nqeidi a.s alisnrd the imagined Pliilosophy of the 
(humuin schools. As conScionsnoss cannot be transcended, 
th(,iy hold t/luit whether consciousne.ss does or does nob 
voiK’.h for tlie (,‘xisience of soimd-hing heyond itself, it at 
a,nv rale caainot comprehend tliat something; aaid that 
heiKMg in so fa>r as any 1*1 iil< iso phy professes to he a,n Ontol- 
(»g*y, it is fa, 1 St e dliese two views taineel one a.nothe:r over 
largt! [larts of their aanais. The English crititiism on the 
(hvriiians cuts olT from Philosojihy aJl that is regarded as 
absolute knowltulge. The (hu-man criticism on tlic Eng- 
Jisli tuc.itly implies tha,t if Philosopliy is limited to the 
relaf ivtg it is at any ra,l-e not concerned witli those aspects 
of tht‘ relati ve wliieli a,rc embodied in mathernatioal form- 
ul:e, in aeeounts of {ihysitud researehes, in cliernical anal- 
ys<*H, or in (h‘S<*.ripf-ioiis of speciixs a.nd reports of jiliysio- 
iogioaJ (‘xperiimmts. Now what lias the too-wich^ Cermaii 
ctmeepilou in tanmuon wilJi the eoucHvption general arnong 
Euglisli imm of stht^inte, wliieh, narrow and crude as it is, 
is not so narrow anti erinh.i ;is tludir misuse of the word 
philosophifa! intlieaiesV IMie two have tliis in coirirnon, 
iinti n(‘ith(‘r Mermans nor Englisli apply the word to un- 

syslematized knowletlge- ttiknewletlgeqiriin luicoih’dinat^ 

with otJnn* knowhslgtc Evtni the most linilhai specialist 
Wfiithi not thxscrihi* as philoso|)hica,i an essay which, deal- 
ing wholly with tletalls, maiufestod :no perception of the 
bearings of tlnase did^ails on wider truths. 
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The vague idea thus raised of that in wliicli the various 
conceptioiis of Philosopliy agree may ha reiHhvred moro 
delinite by conipariiig what lias been known in J^lngland as 
Natural Philosopliy with tha.t (ioveloprnivnt oi i(. calleil 
Positive Philosopliy. Thoiigli, a.s M. Pomte admits, the 
two consist of knowledge essentially the same in kind, yet 
by having put this kind of knowdedge intoa more cohiMHmt 
form he "has given it more of that chai’ac-ter to wliieh tlie 
term philosophical is applied. VVitliout exjires.sing jiny 
opinion respecting the triitlx of his coord ination, it must 
be conceded that by the fact of its coord imiti on tlie body 
of knowledge organized by liiiu tias a, l)ett(*r claim to the 
title Philosophy tlian lias the comparatively nnorganized 
body of knowledge named Natural idiiiosojihy. 

If subdivisions of Idiilosopliy, or more sjuudal forms of it, 
be contrasted with one another, or with tlie whole, t in* same 
implication conics out. Moral Jidlosophy and Political 
Philosophy agree witli Philosophy at Ja, rgi^ in t he eornpre- 
liensiveness of their reasonings a/nd conelusions. d'hongh 
under the liead of Moral Philosophy w(^ ti'i^at of liumao 
actions as right or wrong wo do not include special diri'c* 
tions for behavior in the nursery, ai- talile, or on the cx- 
cluinge; and though Political Philosopliy has for its t.o|)ic, 
the conduct of men in their public relations, it docs not 
concern itself with modes of voting or details of arlmiriis- 
tration. Both of these sections of Philosophy ecu tern plate 
particular instances, only as illustrating truths of wide 
application. 

§ 37. Thus every one of these eoma^ptions implies the 
belief in a possible way of knowing things more eom|ih*tfdy 
than they are known tiirougJi simple expm*iem*es meehaii- 
ically accumulated in memory or h(ja|Ku] up in ey elcpa'dias. 
Though in tlie extent of tlio sphere wJiieh tiny have sup* 
posed Philosophy to fill, men have (liil'eriul and still dilTer 
very widely, yet there is a real if unavnvved agremnent 
among them in signifying liy tin's title a knowhvige whi<di 
transcends ordinary knowledge, d'hat winch ritmaius as 
the common element in these concejitions of Idulosophy, 
after the elimination of their discordanl. elements, is- - 
Icmnoledge of the highest degree of genvralilg. Wax see 
this tacitly asserted by the simultaneous inclusion of (ioti, 
Nature,' and Man within its scope; or still more distinctly 
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by the division of Philosoi)liy ms m whole into Tlieologicnil, 
Physical, Ethical, etc. For that whicli characterizes i.ho 
genus of whicli these are species must be sonietliing more 
general than that whicli distingiiishes any om^ s|)e(‘.ies. 

What must be the speciiic shape here given to tliis con- 
ception? The range of intelligence we tlnd to bo limited 
to the relative. Though iiersistently conscious of a l^nvor 
manifested to us, we have abandoned as futile tiie attempt 
to learn anything respecting the nature of tliat Powarr, 
and so have slnit out Philoso|)liy from niiudi of tlie domain 
supposed to belong to it. dlhe domain left is tliat occu- 
pied by 8(.dence. Science concerns ilsclf witlitlie co-cxist- 
cnccs and seqviencos a.mong pheininiena, groiqiing tiM‘se 
at first into goneralizaiions of a simifle or low oriUu-, a nd 
rising gradually to liigher and more extendcMi generaliza- 
tions. Put if so, wliero remains any sitliject-multm* for 
Philosophy? 

ddie rcqvly is, Pliilosopliy may st.ill projierly lie the title 
retained for knowledge ot the Idghcst generality, ^(demai 
incans inerely the family of tlie Sciem^es — stands for noth- 
ing more than the sum of knowliMigc forimid of tinnr con- 
trilmtions, and ignoixxs the knowledge e-onstitiited liy tlie 
f/(.sion of all tln^si^ e.ontribnlions into a, wimhx As iisagi^ 
has (hdined it., S(‘i(meo (consists of trn tbs exist! iig monMir 
less S(*j>aa’al (h 1, and does not iXM-ognize ili<‘S(‘ Iriitbs .as cu- 
tindy inbygrated. An. ilinstraliou will make the tlilTereuee 
clea,r. 

It we ascribe the flow of a rivm* to tln^ same foiaa; wbiidi 
causes the fall of a, stone, we mak(‘ a, statement, true as far 
as it goes, that biiongs to a eertaiin division of S<d(»nee. 
If, in further (vx|)lanatlon of a movcmient [irodmaal l>y 
gra,vitation in a direetion almost horizontal, W(^ eil(^ tlie 
law that llnids subject to nuadianitad foret^s (xxm’t naietive 
forces whicli are (Mjiial in :dl diiau^tions, we formidale a 
wilier f.aet, containing the S(a(‘ntili<! inbvrpretation of 
maiiy otlna* plnanniunni, as ilmse pr<‘S(*nted by t-he fonniain, 
tlie lyydraulie press, tin* steam-migine. tln^air-pnmp. And 
when this jiroposition, (rxiending only b) the dynaina's of 
fluids, is merged in ai proposition of genm’al dynamies, 
cfiiripriyiiending the iaavs of mov(*meiii. (d’ solids as well as 
of Ihiids, there is nnuditMi a yet higher truth, but st.ill a 
truth tlmt eonuxs wholly within the realm of Heitmee. 
Again, looking around at .Birds and .Mam„mals, suppose 
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W6 say that aii'-breathiiig animals ai'(! hot-blooded; and 
that then, remembering liow lieptiles, wliioli also briNitlie 
air, are not much warmer than tlicir media,, wc! say, inore 
truly, that animals (bulks being equal) have t,em|Ha-al iires 

proportionate to the C|naiititics oi air tlioy liroaiho, aiol 
that then, calling to inind cortMin largo lisli wliioh mniii- 
tain a heat considerably abov(3 tlnit oi* tlai wa-tor ilwy su im 
in, we further correct the geiicraii^ia/tioii t»y sa\ iiig ihot 
the temperature varies as the rate of oxygoiiation ut t lic 
blood; and that then, modifying the stutoinont f<> nioot 
other criticisms, we llnally assert, the rolaliou b) 1 h‘ Ih*- 
tween the amount of heat' and ;the arnouni of tHoleeiihir 
change — supposing we do all thi.s, we static scion till** irn ilis 
that are successively wider and more coiM])lob\ but Irnllis 
which to the last remain purely wdentilio. ()n<*o ninro, il\ 
guided by mercantile experiences, we roach tlir^ <ion<‘lnsion 
that prices rise when the demand exc(‘(‘ds the supply; and 
that commodities iiow from places wlun’c i lu'V :irc abu jhImmI 
to places where they are scarce; and that llio indiisbm'S ol 
different localities are determined in Ihcir kinds mainly Ity 
the facilities which the locaJi tics alTord for them; and il, 
studying these generalizations of politioal i*oommiy, wo 
trace them all to the truth, that each nnui sookssatislaolion 
for his desires in ways costing the smalhst idTorts snoli 
social phenomena being resuUaiiJ.s of individual actions so 
guided — we are still dealing with tlio propositions of txdciica 
only. 

And now how is Idiilosopliy cvonstii.uba It is consti- 
tuted by carrying a stage furtlier t.lie pro(‘css indioutod. 
So long as these truths are known only apart and rogardod 
as independent, even the most general of thorn (‘airnot 
without laxity of speech be called pliilosopbioa!, lint 
when, having been severally redmaul to a. siinplo nicohr«ni- 
cal axiom, a principle of molecailnr physics, uml a law of 
social action, they arc contemplaltul iog(‘t.tior as o(»roliarios 
of some ultimate truth, then we rise to the kind of knowl- 
edge that constitutes I*hiloso])]iy pr(.)per. 

The trutlis of Philoso])hy thus boa.r the same relation to 
the highest scientific truths tluit <‘ao.h (jf licars to 

lower scientific trutlis. As eaoli wi<hist gxini'ralizjilirni of 
Science comprehends and consolidates tlu‘ narrowm’ gom^r- 
alizations of its own division, so tlie gonera!i 7 .utii)ns of 
philosophy comprehend and consolidate the widest general* 
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izations of Science. It is tlierefore a knowledge tlie ex- 
treme opposite in kind, to tkat which experience first 
accnmulates. It is the final product of that |>rocess wliicdi 
begins with a mere colligation of crude observations, goiis 
on establishing propositions that are broader and more 
separated from particular cases, and ends in universal 
propositions. Or to bring the definition to its simplest 
and clearest form— Knowledge of tlio lowest kind is n7i- 
unified knowledge; Science m parlhflki irnified knowlodgo; 
Pliilosophy is conijdckdj/ uvifivd knowledge. 

§ ?)S. Such, a,t least, is the meauing^ve must liere give i-o 
tlie word Philoso|)hy, if we employ it at all. In so defin- 
ing it, wo a:(a*o[)t tluit whic.li is (;ommon to tlie various con- 
ceptions of it currtmt mnong ])(»l;h anoitmts and niodcrns— 
rejecting tlioscj ch'inenis in which theses conc(‘j)ti()ns divS- 
agree or cxeeed i:,lie j)ossil)]o range of iubdligmice. In 
sliort, we a, re sim|)ly giving proeisiou to tlui.t a|)plication 
of iJio word wliieh is gra, dually esiahlishing itself. 

Two f<)rms of Pliilosopliy, as thus umlersiood, may be 
distinguished and dealt with sejuirately. On iheondiand 
tluviliirigs e<)nl.cn|philr‘<l inay he the universal f ruths: all 
|)a.rtie.ula,r truths reftwred to iMung nse<l simply for jiroof 
or (dueidaf-ion. of tlu'sc universal iani-hs. On the other 
Imnd, Sid.ting out with the univcu'sal truths as granted, the 
things (‘(>uteniplaied nuiy he the particular trut.lm as in- 
tor|)rei;(sl Ipy them, in l»oth erases wci <leai willi l.ljc uni- 
versal iriiihs; Imt in the one <aisc they are passivei find in 
the other case active- -dn t.hii oiu^ ease they form the prod- 
tuds of exploraf.ion and in ilu*. other ease tlm iiisiruments 
of . cxplora,tion. Ihiesti divisions w(^ may a|)pro|)riato]y 
f‘all Oencral l^hiIos(;|)hy and S])ecial Pliilosopliy resptas 
iively. 

ddie remainder of this volunu! will he devoiial toOetuu'al 
Pliiloso|>hy. Special Idiilosophy, dividtMl into parts thder- 
mined liy tlie natures of tJui jilumommia treated, will bo 
tlie suliject-matier of sabse(p.ieut volumes. 
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THE DATA OF PIITLOSOFHY. 

§ 39. Every tlionglit involves a \vh()]o system of 
and ceases to exist if severed from its va-rioiis eorrt‘i;ili\-es. 
As we cannot isolate a single organ of a* living ixuly, and 
deal with it as though it had a life indcpnndeni; (»r the 
rest; so, from the orgainzc^l struoturo of oiir ('(ignitions, 
we cannot cut out one and ]:)roceed as tlioiigh it lia<i sur- 
vived the separation. The develo])nient of forml<‘ss |)ro- 
toplasin into an einhryo is a speciaiizatioM of ]>arts, tlui 
distinctness of which increases only as fast as their (‘om- 
bination increases — eacli becomes a distinguisimbh* oiguui 
only on condition thad it is bonnd iip with olhers, which 
have simiiltaneonsly bceonio distinguisliable organs; ami, 
similarly, from tlie Tinfornied material of (‘onseioiism'ss, a. 
developed intelligence (Xin arise only l>y a. process w hich, in 
making thouglits defined, also mak(‘s tlnnn mutually tie- 
pendent — establishes among them cert.ain vital comicc- 
tions the destruction of which causes instant dcaih (sf fhe 
thoughts. Overlooking this all-important trid h, liowevmg 
speculators, have habitually set out wiili sorm? pr{>rcssc<ily 
simple datum or data; have sn})pose(l ihemsdves io assuims 
nothing beyond this datum or these dai-a; and have tiicro 
npon proceeded to prove or disprove propositions which 
were, by implication, already unconsciously asscrliMl along 
with that whicli, was consciously assertiuL 

Thfe reasoning in a circle has rcsnltctl from tlie misust*. 

of words: not that misuse conirnordy erdargc(I u|)on not 

the misapplication or cliange of meaning wlien<*e so unieh 
error arises; but a more radical and li^ss olniotss ndsust^ 
Only that thought wlrich is dirtxdly indieat(‘d by eatvli 
word has been contemplated; wliile numerous ilmuglris 
indirectly indicated have l)een left out of c.onsid(»raiion. 
Because a spoken or written word can be detached from all 
others, it has been inadvertcnitly assiimod Unit tin? thing 
signified by amvoial caii be d(daelH,id tlic things sig- 
nified by all other words. Though more deeply hidden, 
the mistake is of the same order as that nnule !>y tlie 
Greeks, who were continually led astray by the belief in 



FIRST PRINCIPLES, 


im 


some commniiity of luitnre between the S 3 nnbol a/nd I lKit 
which it symbolized. For fcliough lierc cornmun i ty of mitiiro 
is not assumed to the same extent as of old, it is assunu'd 
to tills extent, that because the symbol is separalile from all 
other symbols, and can be contemphited as liaving aJi in- 
dependent existence, so the thought symbolized may iai thus 
separated and thus contemplated. How profoiunlly this 
error vitia,tes tiie (*.oneiiisions of one wiio nnikes it, ’^\'c slmll 
quickly see on taking a, case, '’.rhe se(r})tical !neta})hysician, 
wishing Ills reasonings to be as rigorons as |}ossibl(‘, says 
to hiinseif, “I. will ta,ko for gra/nted only l.his orn^ thing.” 
What now are the ta.cit a-ssumptions insepa/raJile from his 
avowed assiimptioii? ddio resol v(^ itself indir<‘ctly a.ssm’ts 
that tlicre is some other thing, or are sonic^ other things, 
wdiich he inigiit {issiinie; foi* it is impossible to think of 
unity without tliinking of a <u)rrehdive dnaJity or multi- 
plicity. In ttie very a<(it, tlierefoi'e, of r(\sl.ri(ddMg himself, 
he taJ<(\s ill rnuch tliat is professedly Ic'ft out. Again, b<v 
fore proceeding lie must give a d(‘(initi(m of that whi<di 
he a^ssumes. Is nothing unexpresscul invohu'd in I, be 
tliought of a thing a,s defined ? is tins (Jmuglil. of 

something exelmhid liy the definition is, as iiefore, 

the (diouglit of oflu'r (‘xisicneie Ihit there is nuudi mon*. 
Delining a, thing, or slotting a limit to it, impli(‘S tlm 
tlioughl/ of a. limit 5 and limit <!a.nnoi) thought, of ajiart 
from some notion of qnaad-ity— (vxdnnsivig protmisive, or 
intensive, hkirther, definition is impossiliie nnhnss tlif;re 
entm into it tlie tlionght of dithuamee; and dillerence, 
besides being untliinkable wiiliout hawing two things that 
difler, implies tlie (‘xisfi‘nce of other dilTerences (.lia.M tlie 
one recognized ; since otlierwise there (‘an h(^ no gmieral 
conception of difTermiee. Nor is tliis a,!l. As helbrci 
Ijointed out (g 24) all tlmught involves the coiiseionsimss of 
likeness: the one thing awowixlly postulated ea.nnot Ikj 
kiiown absolutely as one thing, Irut ean iKHiiiowu only as 

oi sueh or sueh kind -only as elasstal witli other things in 

virtue of some (xirmnon attribute, dims along with (.he 
single a,vowe<l datum, we have surrerda'tiously hrought in 
a numher of unavowed <la4ar— a/J/cr iJutn ihai 
aJkfFd, (iUtmfUj/, niuiihvr, liwil, Ulffrmim, d((KH, 

aflribtUe, Saying^ nothing (d* the many more whidi an 
exhaustive analysis would diselose, we Iujahj in these 
iinackno w lodged postu lates the ou tl i nes of a general 
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theory; and that theory can be neither proved nor dis- 
proved by the metapliysician’s argument. Insist that his 
symbol shall be interpreted at every step into it.s full 
meaning, with all the comidementary tlioiiglrts implied 
by that meaning, and yon find already ta,ke?i for granted 
in the premises that which in the conclusion is asserted 
or denied. 

In what way, then, mnst Philosophy set out? Tlie 
developed intelligence is framed upon certain organized 
and consolidated conceptions of wliieli it cannot divest, it,- 
self ; and which it can no more stir without using tlian 
the body can stir without help of its limbs. In what way, 
then, is it possible for intelligence, striving after idiilos- 
ophy, to give any account of these conceptions, and to 
show either their validity or their invalidity? I'here is 
but one way. Those of them which are vital, or cannot 
be severed from the rest witliout mental dissolution, inuBt 
be assumed as true ^ITie fundamental intui- 

tions that are essential to the process of tlunking, must 
be temporarily accepted as iincjiiestionable, l(!a,ving tin- as- 
sumption of their unquestionablcness to be justilkai by tlio 
results. 

§ 40. How is it to be justified by the results? As any 
other assumption is justified — by ascertaining that all the 
conclusions deduci])le froyn it correspond with tlie facts 
as directly observed — by showing the agreement l)e tween 
the experiences it leads ns to anticipate, and tlui actual 
experiences.* There is no mode of esta.i)lishing tlie vali<lity 
of any belief, except that of showing its entire ^amgruity 
with all other beliefs. If we suppose that a nniss wlii(!ii 
has a certain color and lustre is the sii])stan(ai eall(‘d g()ld, 
how do we proceed to prove the hypothesis that it is gold? 
We represent to ourselves certain other impressions which 
gold produces on ns, and then observe wliei;hor, under the 
appropriate conditions, this particular mass produces on 
us such impressions. We remember, as we say, that gold 
lias a high specific gravity; and if, on poising this siil)- 
stance on the finger, we find that, its weight is greaf eon- 
sidering its bulk, we take the e()rresponde:nce betw(‘cn tb(^ 
represented impression and the presented im|>ress{f)n as 
further evidence that the substance is gold. In response 
to a demand for more proof, we compare certain other 
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ideal and real effects. Knowing tliat gold, unlike most 
metals, is insoluble in nitric acid, we innigiue to onnselves 
a drop of nitric acid placed on tlio sui’fac^e of tiris yellow, 
glittering, heavy substance, without causing corrosion; 
and when, after so placing a drop of nitric jicid, no eihvr- 
vescence or other cha,nge follows, we hold this agreement 
between tlie anticdpalvion and the experience to be an. ad- 
ditional reason for tliinking that tiie substance is gold. 
And if, similarly, the gi*e;it malleability p(.)ss(^sscd l)y gold 
\re find to be ])ar.‘illeled by tlie gi*eu,t malleability of tins 
substance; if, like gold, it fi!S{‘S a.t a.l)ont 2,n(H) dog.; 
crystallizes in oota/lualrons; is diss()Ive<l l)y scdcaiic acirl; 
Mid, under all. conditions, does wlnit gold does nmh'r such 
3 onditions, tlio coiivi{'.tion that it is gold reaclnss what we 
.•egard as tlie liigiu^st certainty — we know it to be gold in 
•.ho fullest sense of k iiowiug. b'or, as we here srag our whole 
cnowhalge of goM (ionsists in notliing nior(3 tlian tlie eou- 
cioiisiiess of a. definite set of impnjssions, standing in 
lofiriite rehitioMS, disclosed under delinite eondii.ions; and, 
f, in a. ])i’csent (ixperienee, the impressions, relations, and 
:oinliti()ns perfectly (aarrespond with thos(^ in jaist exjxwi- 
rices, the cognition has a.ll the validily of wliich it is 
apable. So that, g(mcrjil izing tlu^ staJimnait, hypotlm- 
es, down even to those simph; oin/s whi<th we make from 
[loinent to inomcmt in oiir acts of nMaagnition, a.ro verilled 
dicn entire c,ongrnity is found to cvxist between the states 
f consciousne.ss constituting them, aaid cm’tain otlier 
tates of (amseJousness given in {rerception, or refkaition, 
r botli ; a.nd no other knowhalge is possible for us than 
hat wliich consists of tlie (a>nsciousn(,^ss of such <a>ngi*u- 
:ies and their conajlativc imamgruitit^s. 

Ilence Philosophy, coni|)elled i.o imikc those fnmla.mental 
ssnmjitions without whi<*h tlionght is impossible, lias to 
istify tliem by showing tlnn'r eongruity with all other 
iota of consciousn(‘SS. Di-bariaal as wt^ a.re from (nau’y- 
ling beyond tlie rehitive, trni.h, raised to Its highest 
irm, can be for us nothing mor<! than pmffecdi agreement, 
iroughout the whole ra.ng<a of our exjioriemag iKitween 
lose represeniaticais of things whieh vv(^ distinguisli as 
leal and those presentations of things uhic.h wo distin- 
Liish as real. If, liy discovering a pi'oposition to bo an- 
'ue, we mean notliing mon^ than disoovivring a. difference 
jtween a thing ex[>eoied. and a thing perceived; ilieii a 
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body of conclusions in which no sucli difference anywhere 
occurs, must be what we mean by an entirely true body of 
conclusions. 

And here, indeed, it becomes also obvious tbat, setting 
out with these fundamental intuitions provisionally as- 
sumed to be true— that is, proyisiomilly assumed to be 
congruous with all otlier dicta of consciousness — the jiroi*.- 
ess of proving or disproving the congruity becomes tlie 
business of Philosophy; and the complete establishment ()f 
the congruity becomes the same thing as the c<)m|)lete uni- 
fication of knowledge in which Philosopliy reaches its goal. 

§ 41. What is this datum, or rather what an^ tliese 
data, which Philosophy cannot do withoutV Clearly one 
primordial datum is involved in the foregoing statemciit. 
Already hy implication we liavc assumed, and must for 
ever continue to assume, tliat congruities and incongni- 
ities exist, and are eognixable by us. Wo cannot a, void 
accepting as true the verdict of conscioiisMOss tluit souk^ 
manifestations are like one another an<l some are unlike 
one another. Unless consciousness be a competent judge 
of the likeness and unlikeness of its states, there <;an never 
be established that congruity throughout the wliole of our 
cognitions which constitutes Philosopliy; nor cam there 
ever be established tliat incongruity wliieli only any 
hypothesis, philosophical or other, can be sliown erroneous. 

The impossibility of moving toward eitlier conviidiou 
or scepticism without postulating tliiis much, wo shall mo 
even more vividly on observing iiow every step in reason- 
ing postulates thus mneli, over and ov(;r a,ga,in. To say 
tbat all things of a certain class are eliara.ei(‘rized l)y a 
certain attribute, is to say that all tilings known as tikfi 
in those various attributes connoted by their (airnmoii 
name, are also Ulce in having tho iiarticular attrihiitc 
specified. To say tbat some object of immetlial.e uttonliou 
belongs to this class, is to say tliat it is H/m all idle others 
in the various attributes connoted by tlieir common mmio. 
To say that this object possesses the particular attribute 
specified, is to say that it is Ilia tlie others in tliis re- 
spect also. While, contrariwise, the assertion thud; the 
attribute thus inferred to be possessed by it is not pos- 
sessed, implies the assertion tliat in place of one ot: tlie 
alleged likenesses there exists an unlikeness, Neitiicr 
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affirmation nor donijil, tlicreforo, of any deliverance) of 
reason, or :iny eleinent of sucli dolivej'a;nce, is possilde 
evitliont acceplini^’ (lie ilictiini of consciousness that eei*- 
tain of its states aj’c like or unlike. Whence, besides 
?eeini»* tliat the iinitied knowledge constituting a com- 
pleted PliilosojVliy, is a knowledge coni|)osed of ])arts that 
ire univivrsally congruous; and besides seeing that it is 
die ])iisin(‘ss of Philosopliy t.o esta,hlish tlnnr universal 
amgruit.y, we a, Iso see that evei’y act of ihe |>roc(‘Ss liy 
vliich this universal congruity is to lie (‘stahlished, down 
)ven to the c(>rir{M)nentH of (‘vm'y inhvri'uce and every oh- 
icrvaldon, consists in tln^ estaldishrnent of eengruity. 

(.t)ns(H|iiently, tJio assuinpt.ion tlmt a. congruil.y or an 
iicongi’uity exists when consciousness testifies to it, is an 
ncvitaJile assumption. It is useless to say, as >Sir W. 
Linrilton does, tliaf “consciousness is to lx? presiimed 
rustwoidhy until provi^d mernhicious.'’ It (ainnot he 
iroved inendacious in this, its primordial a<*t; since, as 
m see, proof involvi'S a. n^peated a.(‘<'(‘pta.n(‘<) ol iJiis 
udrnordial act. Nay more, the viny (hing snpjxjsed to he 
I roved ca. n 1 1 o (. b( ^ i ^ x j > n ‘ssi m 1 w i t, 1 1 o u 1 . rec< >g n i 7. i n g I. h i s p i* i - 
-lordial aet a.s valid; sim-ig unless we aecept tll(^ vei’dict 
f consciousness ihal. tiny dilTcr, nnmdacity a, mi iaaist- 
airthiness Ixsamie identical. Preci'ss and product of 
easoning lioth disa/ppear in the alisenco of this assump- 
ion. 

It may, indeed, lie of{,mi shown tlia<t wliat, after careless 
ompairison, were supposed to he like stal.es of conseious- 
ess arc really unliktr, or that what were <*arelcssly sup- 
osed to he unlike are really likta But how is this slmwn? 
imply liy a» more eareful comparison, mediately or im- 
lediately made. And wlnit docs a.ee(*p tan ec of the revisixl 
rmclusion im|ily? Simply ihat a. (irdihmaite verdict of 
'inscionsness is pnd’eralile t.o a, rash one; or, t,o speak 
lore {hrtinit{‘ly'-'d a, e.onscioiism'ss of likemsss or dilTor- 
ICC whii’h surviv(‘S critical (‘Xamiimtion must he accepted 
1 place of on(‘ that does not siirvivi'— ilui very survival he- 
ig itself file araagita/max 

And liere we get to the hotl.om of the matimx 'riie 
ernianemx) of a conscionsmjss of likeness or diffimmee 
our ultimate wa^rraart for asserting the existenci* of iike- 
£ 3 ss or ditTcrence; aanl, in fact., wc mea.n liy the existenee 
S likeness or dilTercnce, nothing more tluin tlie [icrma- 
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nent consciousness of it. To say that a given congruity 
or incongruity exists, is simply our way of saying that we 
invariably have a consciousness of it along with a con- 
sciousness of the compared things. We know nothing 
more of existence than a continued manifestation. 

§ 42. But Philosophy requires for its datum some sub- 
stantive proposition. To recognize as unquestionable a 
certain fundamental ^jrocess of thought, is not enough; 
we must recognize as unquestionable some fundamental 
product of thought, reached by this process. If Philoso- 
phy is completely unified knowledge — if the unification 
of knowledge is to be effected only by showing that some 
ultimate proposition includes and consolidates all the re- 
sults of experience; then, clearly, this ultimate prop- 
osition which has to be proved congruous with all others, 
must express a piece of knowledge, and not the validity 
of an act of knowing. Having assumed the trustworthi- 
ness of consciousness, we have also to assume as trust- 
worthy some deliverance of consciousness. 

What must this be? Must it not be one affirming the 
widest and most profound distinction which things pre- 
sent? Must it not be a statement of congruities and 
incongruities more general than any other? An ultimate 
principle that is to unify all experience must be co-exten- 
sive with all experience — cannot be concerned with ex- 
perience of one order or several orders, but must be 
concerned with universal experience. That which Phi- 
losophy takes as its datum, must be an assertion of some 
likeness and difference to which all other likenesses and 
differences are secondary. If knowing is classifying, or 
grouping the like and separating the unlike; and if the 
unification of knowledge proceeds by arranging the smaller 
classes of like experience within the larger, and these 
within the still larger ; then, the proposition by which 
knowledge is unified must be one specifying the antithesis 
between two ultimate classes of experiences, in which all 
others merge. % 

Let us now consider what these classes are. In drawing 
the distinction between them, we cannot avoid using 
words that have indirect implications wider than their di- 
rect meanings— we cannot avoid arousing thoughts that 
imply the very distinction which it is. the object of the 
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analysis to establish. Keeping this fact in mind, we can 
do no more than ignore the connotations of the words, 
and attend only to tire things they avowedly denote. 

§ 43. Setting out from the conclusions lately reached, 
that all things known to us are manifestations of the IJn- 
knowable; and suppressing, so far as we may, every hy- 
pothesis respecting the something which underlies one or 
other order of these manifestations ; we find that the mani- 
festations, considered simply as such, are divisible into 
two great classes, called by some impi^essmis and ideas. 
The implications of these words are apt to vitiate the 
reasonings of those who use the words ; and though it may 
be possible to use them only with reference to the difier- 
ential characteristics they are meant to indicate, it is best 
to avoid the risk of making unacknowledged assumptions. 
The term se7isaMo7iy too, commonly used as the equivalent 
of impression, implies certain psychological theories — 
tacitly, if not openly, postulates a sensitive organism and 
something acting upon it; and can scarcely be employed 
without bringing these postulates into the thoughts and 
embodying them in the inferences. Similarly, the phrase 
state of co7iscmisness, as signifying either an impression or 
an idea, is objectionable. As we cannot think of a state 
without thinking of something of which it is a state, and 
which is capable of different states, there is involved a 
foregone conclusion — an undeveloped system of meta- 
physics. Here, accepting the inevitable implication that 
the manifestations imply something manifested, our aim 
must be to avoid any further implications. Though we 
cannot exclude further implications from our thoughts, 
and cannot carry on our argument without tacit recog- 
nitions of them, we can at any rate refuse to recognize 
them in the terms with which we set out. "We may do 
this most effectually by classing the manifestations as vivid 
and famt respectively. Let us consider what are the several 
distinctions that exist between these. 

And first a few words on this most conspicuous distinc- 
tion which these antithetical names imply. Manifestations 
that occur under the conditions called those of perception 
(and the conditions so called we must here, as much as 
possible, separate from all hypotheses, and regard simply 
as themselves a certain group of manifestations) are ordi- 
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narily far more distinct than those which occur under tlic 
conditions known as those of reflection, or ineniory, or 
imagination, or ideation. These vivid nnyiifeshilioris cIo, 
indeed, sometimes diifer hut little from the hiint ont‘s. 

When nearly dark we may be nnabhi to decide w iKdiier a 

certain manifestation belongs to tlie vivid ordcn* or iJiii * 

faint order — wl:i, ether, as we say, we rertfly see sonielJiiiig 

or fancy w-e see it. In like manner, Ixdwecm a vei*y feebli^ 

sound and tlie imagination of a sound, it is oecasionally 

diflicult'to discriminate. Ihit these exceptional oases arc? 

extremely rare in comparison with tlie enormons nmss of 

cases in which, from instant to instant, (Jie vivid nnini- >- 

festations distinguish tliemselves unmistakably from iiie 

faint. Conversely, it also now and tlien liappoiis (though 

under conditions which we signiiicantiy distinguish as > 

abnormal) that manifestations of the faint order l)eeome ^ 

so strong as to be mistaken for those of tiie vivid order. 

Ideal sights and sounds arc in the insane so much initm- 

sifled as to be classed with real sights and souiuls- idoal 

and real being here supposed to imply no ollu-r contrast f 

than that which we are considering. These causes of itlu- 
sion, as we call tliem, bear, however, so srmdl a rnt io to the 
great mass of cases, that we may safely neglect tlunn, ajid 
say that the relative faintness of tlieso manifestations <)f 
the second order is so marked, that we are never in doidd; 
as to their distinctness from those of the first order. Or 
if we recognize the exceptional occurrence of doubt, the 
recognition serves but to introduce the significant fact tluit 
we have other means of determining to wliie/h order ti par- 
ticular manifestation belongs, wlieu the icxst cd' eonipara-- 
tive vividness fails us. f 

Manifestations of the vivid order precede, in our v.k- f 

perience, those of the faint order; or, in the terms fjuotcxl ] 

above, tlie idea is an imperfect arid feidihi r(V|)(dation of ■ 

the original impression. To put ’the facts iu liisiorieui 
sequence—there is first a presented manircistai-ion of tlie 
vivid order, and then, afterward, there may corm^ a. ntp- ' 
resented manifestation that is like it oxee|>t in Ixdug 
much less distinct. Besides the universal expericuuHJ tluit 
after having those vivid manifestations wlucih we (iall par- 
ticular places, and persons and things, wo ca.n hawe tlioso ! 

faint manifestations which we call recollections of the | 

places, persons, and things, but cannot have these pix> I- 
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vioiisly; and besides the iiiu’versal cxperiein'c that Ixvfert* 
tasting certain, snljstainxns a.n<l smelling <'eri;iiM |>(‘rriimcs 
we are witliont the faini nmiiifestations known as ideas of 
their ta.stes ajid smells; we liavt^ also the fact that wliere 
certaJii orders of t-he vivid imuiifesl.a^tions ar(> shut out (as 
the visible from tlie hlind and the audible from the deaf), 
tlie (arrresponding fa.int nn'inifestabions never (‘ome into 
existtmee. It is lame that in sonHMN'is(xs ihcH'aint niarii* 
festations })re(H.!de the vivid. \\'ha,t W(,‘ (*ali a- <*om*ejition 
of a, maeliinci may pn'sently In* fo!low<‘d by a, vivid iiiani* 
festation umtehing ih — a., so-called a, ct.ua, 1 machine. Ihit 
in the first {)hi(a^ tliisocciirrence of t.ln^ vivi<l ma^if(^sta.tion 
after the fa.ini, has no a,na,logy with the (x-currcnce of tfnv 
faint a.fter th(‘ vivid. --its scaimmcv* is not spontaneous like 
tha,t of tlic i(h*a, after i,hc impr<‘Ssion. And in tlie S(‘coud 
place, tliough a, fa,int manifesta,tion of this kind may ocenr 
before tlu^ vivid one answi'ring to it, yet its eom|>onent 
pa,rts may not. \\ iihout tin* foregoing vivid ma/nilosta- 
tions of wluicls and bars and eratdvs, th(‘ inv<‘nf.or eould 
luivo no fa, ini, immi h staf.ion of his new machine, dims, 
till'! occu rrtmci‘ o1 the laint, maiii festal ions is nnuh* porisildn 
by till! {U’cvions ocenrrenee of tin* vivid. 1’bcy arc dis- 
tinguished I rmn one anol hei’ as imlcpemdcnl and di'jHvmhml. 

dduvse two ordiu's ol maiiiieslalions form eonenrrent 
series; or ra.tber lef. us eali t hem, not series, which implies 
linear arrangennnil.g hut lud'erogcncous streanis or pro- 
cessions. ddH‘S<,! run side by si<h‘; ea.cb mrw broadening 
and now narrowing, (‘a.ch now throafening to olilitcraJo 
its neighbor, a.ml now in turn tlircatcncd with of)liter- 
ation, init neither ever <|uiie (‘Xeluding* Hies oiher fianu 
tln^ir eommon ehanmd. Lei. us watch the mutuaJ aelions 
of the. two currents. During what we call iuir sla,tes <d* 
activity, the vivid nuini festations predominate. Wo 

sinnd taiiieously reixuvi! many and varitMl pn*senla.tions m 

crowd ol visuaJ impressions, son mis mon^ or less nnmt^rous, 
r(^sista.nees, slates, odors, etc.; sione groups of them 
eluiuging, and others temjiorarily lixcfi, hni ulterl ng a.s wo 
move; mid wiien W'c isnn pan* in its bread th and massiviw 
Jiess this heterogeneous com lunation (if vivid man ifestaf ions 
with tlie eijiuairrt^nt emnliinafion of faint, niaiii hoda, lions, 
these last sink into ndalivii insign ilhauiee. d'hey iie.ver 
wlioliy dlsappcair, howevm*. Always along witli the vivid 
manifestatioiis, even in 'the greatest obtrasivcncHs, anal- 
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ysis discloses a thread of tlioixglits and interpretations con- 
stituted of the faint manifostjitions. Or if it l)o (‘ontioided 
that the occurrence of a deafen ijig explosion or an inieuse 
pain may for a moment exclude every ideai, it inust ytd. be 
admitted that such hreacli of continuity can never lx.' im- 
mediately known as occiUTing; since tlie act of knowing 
is impossible in tlie absence of ideas. On tlie otlier liaml, 
after certain vivid, xnanifestations which we call tla^ acts of 
closing tlie eyes and adjusting ourselves so as to (mfeelde 
vivid manifestations of pressure, sound, etc., 1,1 u; mani- 
festations of the faint oixler become relatively prtuloml- 
nant. The ever- varying heterogeneous curnint of tlnnn, 
no longer obscured by the vivid current, grows more dis- 
tinct, and seems almost to exclude tlie vi\'id euriamt. l:>ut 
while what we call consciousness continues, the eurreiit of 
vivid manifestations, liowever small the dimensions to 
which, it is reduced, still continues: pressure and toucli do 
not wholly disapjiear. .It is only on lapsing into tlie un- 
consciousness termed sleep, that manifestaiaons of the 
vivid order cease to be distiuguisliable as such, ami those 
of the faint order come to bo mistaken, for tlumi. And 
even of this we remain unaware till tlie recurrence of man- 
ifestations of the vivid order on awaking; we can never 
infer that manifestations of tlie vivid order have been 
absent, until they are again present; and can therefore 
never directly know tliem to be absent, '’i.'liiis, of tlie two 
concurrent compound series of manifestations, (‘imli pre- 
serves its continuity. As tliey How side hy side, each 
trenches on the otlier, but tlicre never comes a mormmt 
at which it can ho said tliat tlie one lias, then and, there, 
broken througli the other. 

Besides tliis longitudinal coliesion tluu’o is a lateral co- 
hesion, both of the vivid to the vivid and of the fa,int to 
the faint. The components of tlie vivhl series are liound 
together by ties of co-existence as well as liy ties of suec(‘s- 
sioii; and the components of the fa.int series are similarly 
hound together. Between tlie degrees of union in 
two eases there are, liowever, marked and very signiiicant 
dilferenccs. Let us oliserve them. Over a,n aifea occtu ly- 
ing part of tlie so-called field of view, liglits ami shades 
and colors and outlines constitute a group to which, as the 
signs of an object, wo give a certain name; and while they 
continue present, these united vivid manifestations i*e- ’ 
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main inseparable. So, too, is it witli co-existing groups 
of manifestations; each jjcrsists as a special ooinbiiiation ; 
and most of them preserve iinchanging relations witli tliose 
aroiiml. Such of tliem as do not — such of them as are 
capable of vvliat wo call independcjit movements, nevertlie- 
less show us a (jonstant connection between certain of tlie 
manifestations tliey include, aiong with a variable connec- 
tion of otliers. Ajid tlioiigh after certain vivid manifes- 
ta,tions known as a. change in the conditions of perception, 
tlun-c is a cluingi^ in the })roportions among tlie vivid rnan- 
ifesi.Jitions coiistitiii-ing any group, tlieir cohesion (contin- 
ues — wo do not siKua'od in detaclung one or more of them 
from i;hc rest, dhirning to the faint nmnifesta-tions, we 
see tlmt while tlunaj aia.i lateral cohesions aanong them, 
tliese are much less extensive, and in most caaes nre by no 
nH^aiis so rigorous. After closing my eyes, 1 can repre- 
sent an ol)je(it now standing in a certain place, as standing 
in some otlier phu;e, oi* as a,bseiit. Wliile I look at a blue 
va,se, I (‘-ail not scpa,]‘ate the vivid manifestation of 1)1 lio- 
ness from tluvvivid imini Testation of a particular shape; 
but, in the a,bsence of these vivid manifestations, 1 can 
sejuirate ilie faini, inanifestafion of tlie sba-po from tlie 
faint manifestation of lihieness, and replace the last by 
a. faint manifestul/ion of redness. It is so tJirougboiit ; the 
faint manif(!stai-i()ns cling together to a certain extent, 
but TUivertvheless most; of them may be re-arranged with 
facility. Imhual, none of tlie ivdividmil faint inanifes- 
t,a-tions cohere in tlie same indissoluble way as do the 
individuai vivid manifestartions. Q'hoiigh along wdth a 
faint nianifesta-tion of pressure tliere is always some faint 
manift^station of extension, yet no particular faint mani- 
festation of (‘.xtension is biiiincl up with, a particular faint 
manifestation of pressure. So tliat whereas in tlie vivid 
order the individual nianifestatiiins cohere indissolubly, 
usiudly in large groups, in the faint order tlie individual 
mauifestatious none of tliom eohero indissolubly, and are 
most of tliern loosely aggregated ; the only imlissolitble 
coliesions among them being between certain of tlicir 
g(3neric forms. 

While the c()m|)()noiits of each, cohere with one anotlicr, 
they do not (ioliere at all strongly witli those of the other 
current. Or, more (lorreeily, we may say that the vivid 
current habitually flows on (piite undisturbed by the faint 
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eurreiit; and that the faint current, though often largely 
determined by the vivid, and always to soum extent e.arried 
with it, may yet maintain a substantial iii{io|)eii(ieiiee, 
letting the vivid current slide by. Wo will gia.nce at tlie 
interactions of the two. The successive faint nuiniieS' 
tatioiis constituting thouglit fail to modify in tiie sliglitest 
degree tlie vivid manifestations that present tljemselves. 
Omitting a quite peeailiar (dass of exceptions, hereafler 
to be dealt with,, the vivid manifestations, iixod and 
changing, are not directly affected by tlie faint, ddioso 
which i distinguisli as components of a Imidscaja*, as 
surgings of the sea, as wliistlings of tlu^ wind, as move- 
ments of veliiclos and people, a.re alisoinhdy uninflinvncaHl 
by the accompanying iuint manifestations wl\ich 1 distin- 
guish as my ideas. On the other hand, the currmit of 
faint manifestations is always somewhat pcrtnrhcHl by the 
vivid, Frer(nontly it consists mainly of faint rnanifiis- 
tations wliich cling to tlie vivid on(‘,s, and are carried witli 
them as they pass — memories and suggestions Jis we (xdl 
them, which, joined with the vivid manifestations prodiic- 
ing them, form almost tlie wliolo body of the nmnifiss- 
tations. At other times, wlien, as we say, absorbed in 
thought, the disturbance of the faint current is but supnr- 
licial. The vivid manifestations drag after tliem such 
few faint manifestations only as constitute recognitions of 
them; to each impression adlioro eortain ideas whicli 
make up the interpretation of it as sncli or sneli. Ihit 
there raeanwIriJe flows on a main sti‘e«‘un of hu’nt mani- 
festations wholly unrelated to the vivid riijuiifestatioris — 
what we call a revery, porliaps, or it may be a jiroc.css of 
reasoning. And occasionally, daring tlio stat(' known jis 
a1;)senco of mind, this cui-rent of fiiint nianifesta-tions so 
far predominates that the vivid (mrrent S{aijaHtly a.ite(*,tB it 
at all. Hence, tliese concurrent vseries of manifestations, 
each coherent with itself longitiuli na,l iy a.nd liii.eral ly, 
have but partial colierenco with one a-notluir, Tht^ vivid 
series is quite unmoved by its passing neighbor; a.nd 
tliongh the faint series is always to some extent moved liy 
the adjacent vivid series, and is ofi;en carried bodily along 
with the vivid series, it may nevertheless become in great 
measure separate. 

Yet another all-important dilTerential characterisl.ic lias 
to be specified. The conditions., under which tliese re- 
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spective orders of manifestations occur, are different; and 
the conditions of occurrence of each order belong to itself. 
Whenever the immediate antecedents of vivid manifes- 
tations are traceable, they prove to be other vivid manifes- 
tations; and though we cannot say that the antecedents of 
the faint manifestations always lie wholly among them- 
selves, yet the essential ones lie wholly among themselves. 
These statements will need a good deal of explanation. 
Obviously, changes among any of the vivid manifestations 
we are contemplating — the motions and sounds and alter- 
ations of ap|)earance, in what w^e call surrounding objects 
— are either changes that follow certain vivid manifes- 
tations, or changes of which the antecedents are unapparent. 
Some of the vivid manifestations, however, occur only 
under certain conditions that seem to be of another order. 
Those which we know as colors and visible forms pre- 
suppose open eyes. But what is the opening of the eyes, 
translated into the terms we are here using? Literally 
it is an occurrence of certain vivid manifestations. The 
preliminary idea of opening the eyes does, indeed, consist 
of faint manifestations, but the act of opening them con- 
sists of vivid manifestations. And the like is still more 
conspicuously the case v/ith those movements of the eyes 
and the head which are followed by new groups of vivid 
manifestations. Similarly with the antecedents to the 
vivid manifestations which we distinguish as those of 
touch and pressure. All the changeable ones have for 
their conditions of occuri-ence certain vivid manifestations 
which we know as sensations of muscular tension. It is 
true that the conditions to these conditions are manifes- 
tations of the faint order— those ideas of muscular actions 
which precede muscular actions. And "we are here in- 
troduced to a complication arising from the fact that what 
is called the body is present to us as a set of vivid mani- 
festations connected with the faint manifestations^ in 
a special way — a way such that in it alone certain vivid 
manifestations are capable of being produced by faint 
manifestations. There must be named, too, the kindred 
exception furnished by the emotions^ — an exception which, 
however, serves to enforce the general proposition. Tor 
while it is true that the emotions are to be considered as a 
certain kind of vivid manifestations, and are yet capable 
of being produced by the faint manifestations we call ideas; 
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it is also true that because the conditions to their occur- 
rence thus exist among tlie faint manifestations, we (.‘lass 
tliem as belonging to the same general aggi’ogate as tlie 
faint manifestations — do not class them with sucli other 
vivid manifestations as colors, sounds, pressures, smells, 
etc. Eat omitting tliese peculiar vivid manifestations 
which we know as muscular tensions and emotions, and 
which we habitually class a|)art, we may say of all tlie 
rest, that tlie conditions to their existence as vivid mani- 
festations are manifestations belonging to l«lieir own class. 
In the parallel current wo find a parallel tnitli. ^iliongli 
many manifestations of tlio faint order are partly caused 
by manifesta,tions of tlie vivid order, wliicli call up mem- 
ories as we say, and suggest inferences; yet these insults 
mainly depend on ccrta,in antecedents lielonging to tiio 
faint order. A cloud drifts across the sun, and may or 
may not produce an cfTe(d on tlie current of ideas; the 
inference that it is about to rain may arise, or tliere may 
be a persistence in the previous train of tliouglit — a dif- 
ference obviously determined by conditions numug the 
thoughts. Again, such power as a vivid maniresl.atiori 
has of causing certain faint rnanihjstations to arise, de- 
pends on the pre-existence of certain appropriate faint 
manifestations. If I have never heard a curl env, tlie ciy 
which an unseen one makes fails to produce an idi^a; ot 
the bird. And we liave dmt to romomher wliat various 
trains of reflection arc aroused by tlie sariKmugiit, i.o see 
how essentially the occurrenee of caich faint inanifc'slnlion 
depends on its relations to otlier faint manirestalions that 
have gone before or that co-exist. 

Here we are inti’oduced, lastly, to one of the most, slrik- 
ing, and perliaps the most im]>oi*ta,nt, of tlie dilh*rema‘S 
between those two orders of imuiiftnstations — arliilerence 
continuous with that Just iiointcd out., Imt one which may 
with advantage be separately insisted upon, ddie <‘on- 
ditions of occurrence are not distiugnished sohdy liy 
fact tliat ea,ch set, when identillalihg l)c*]ongs in i!;s own 
order of maiiifestations; l;mt tlu^y are furtlier disiiiiguislied 
in a very signilieant way. Maiiifestations of tlie faint or- 
der liave traeealdo a,ntecedcnts; ea/n be made to ocemr liy 
cstablisliing tlioir conditions of oriciirrcnices; and iMin be 
suppressed by estaiilishiog olinu* conditions. But mani- 
festations of the vivid order (‘OTitinnally occur witlioufc 
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previous presentation of their antecedents; and in many 
cases they persist or cease, under either known or un- 
known conditions, in such way as to show that their con- 
ditions are wholly beyond control. The impression dis- 
tinguished as a Hash of lightning breaks across the current 
of our tlioughts, absolutely without notice. The sounds 
from a ba,nd that strikes up in the street or from a crash 
of china in the next room, are not connected with any of 
the previously-present manifestations, either of the faint 
or of the vivid order. Often tlieso vivid manifestations, 
arising uiiexpeivtodly, persist in tlirusting themselves 
across the current of tlie faint ones ; which not only can- 
not directly alfcet tliem, but cannot even indirectly aifect 
them. A wound produced by a violent blow from behind 
is a vivid, manifestation the conditions of occurrence of 
wliich wore neifclier among the faint nor among the vivid 
manifestations; and tlie conditions to the persistence of 
wliicli are bound uj) witli the vivid manifestations in some 
•unmanif<\st0d way. So tliat whereas, in the faint order, 
the coin li lions of occnirrenec are always among the pre- 
existing or co-existing rnanifestations; in the vivid order, 
the Cionditions of occur revnee a, re often not present. 

Thus we lind many salient cliaracters in whicli manifes- 
tations of tlui one order arc like one another, and iinliko 
those of the other order. Let ns bricily ro-ennmerate these 
salient cluu*a,clcrs. Manifestations of the one order are 
vivid and tlioso of the otlier arc faint. Tliose of the one 
order arc originals, wdiilo those of the other order are 
copies. 'The iirst form with one another a series, or heter- 
ogeneous current, tliat is never broken; and the second 
also fo!*m with one anollicr a parallel series or current tliat 
is never broken; or, to spcnik strictly, no breakage of either 
is ever directly known. Tboso of the first ord(u' coliere 
with one anothei', not only longitnclimilly but also trans- 
versely; as do also those of tlie second order with, one an- 
otlier. Jkdweon, manifestations of tlie first order tlie 
colicsions, botli longitudinal and transverse, are indissol- 
nble; lint liotween manifestations of the second order, 
those coluisions arc most of them dissolriblo with ease- 
Wliile tlie. members of ca-ch series or current are so cobe- 
rent witli onc^ anotber tliat the current cannot be broken, 
tlie two currents, rurming side by side as they do, liave but 
little coherence— the great body of the vivid current is 
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absolutely iinmoclifiable by the fiu'iit, arifl tlio faiirt may 
become almost separate from tlie vivid, ''bho (a)n(liti()Ms 
under wliicli niaiiifestations of either oiaier occur, tliem- 
selvcs Ijeloiig to tliat order; but whereas in tiui fa^int order 
the conditions are always present, in. the. vivid order i.lio 
conditions a, re often, not ]) resent, ])ut lie soinewiie.re outside 
of tlie series. Seven sej)arate charac'ters, tluiii, niark oil: 
those two orders of manifestations from one anotlier. 


§ 44. What is the meaning of this? Tlie foregoing 
analysis was coinrnenced in the ])elief tliat the |)ro])osildon 
postulated, by PIrilosopliy must ailirm some ultinud.e ehissi^s 
of likenesses and uuiikcnesses, in which all other chisses 
merge; and here we have ;round that all manii'eHta.tious 
of tlie link no wa. hie a.re divisible into two such (glasses. 
What is tlic division equivaJtmt to? 

Obviously ii; corresjionds to tlui division between olijrrf; 
and Hul)j(>cL Tills piNdVmndest of distinetions among tlie 
.manifestations of the IJnknovvahle we recognize liy groiij)- 
iiig tliem into ,vr//’ a,nd noLself, Tlu^so fa,int nuinif(‘s- 
tatioMS, forming a continuous wliole dilTering from the 
other in the ({inuitity, quality, eohesion, a,nd coiidi lions 
of existence of its parts, we call the efjo; and tliese vivid 
manifestations, indissolubly bound together in relatively- 
immense masses, and having inde|)(md(.mt eonditions of 
existence, we call tlie iion-etjo. Or rather, more truly — 
each order ot manifestations ea,!’ric‘S with it iJie irresistUdo 
implication of some power tliat manifests il.self; and liy 
the words cr/c and no)M‘fjo resjieeti vely, we nurin tlie powtw 
that manirests itsell in the fa.int forms, a, ml the power 
tliat manifests itself in tlie vivid rornis. 

As wo here see, tliese consoIida.t(‘d conccqitions l.hus 
antithetically named do not originate in some inseriiiahle 
way; but they liave for tlieir exphi.uu.iion tlu^ ultiriuite la.w 
of tliought tiiat is beyond a,))peaL dllie porsistmii, con- 
sciousness of likeness or din’eremHi is one whi(di, liy its 
very persisteruje, makes itself a,(.u*{*|)te(! ; and oiii^ whieli 
tra,nscends scepticisin, siiico without it evmi <loubt he- 
cornes impossible. And the piu'mordial division of self 
from not-self is a caimulative result of iiersisient <vui- 
sciousnesses of likeness(js and diirererices iimoug masiifes- 
tations. Indeed, tliought exists only through, a kind of 
act which leads us, froni moment to moment, to refer cjcr- 
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tain manifestations to the one class with which they haye 
so many common attributes, and others to the other class 
with which they haye common attributes equally numer- 
ous. And the myriad-fold repetitions of these elassings, 
bringing about the myriad -fold associations of each man- 
ifestation with those of its owm class, brings about this 
union among the members of each class, and this dis- 
union of the two classes. 

Strictly speaking, this segregation of the manifestations 
and coalescence of them into two distinct -wholes, is in 
great part spontaneous, and precedes all deliberate judg- 
ments; though it is indorsed by such judgments -when 
they come to be made. For the manifestations of each 
order have not simply that kind of union implied by 
grouping them as individual objects of the same class; 
but, as we have seen, they have "the much more intimate 
union implied by actual cohesion. This cohesive union 
exhibits itself before any conscious acts of classing take 
place. So that, in truth, these two contrasted orders of 
manifestations are substantially, self-separated and self- 
consolidated. The members of each, by clinging to one 
another and parting from their opposites, themselves form 
these united wholes constituting object and subject. It is 
this self-union which gives to these wholes formed of 
them their individualities as wholes, and that separateness 
from each other which transcends judgment; and judg- 
ment merely aids the predetermined segregation by as- 
signing to their respective classes such manifestations as 
have not distinctly united themselves with the rest of their 
kind. 

One further perpetually-repeated act of judgment there 
is, indeed, which strengthens this fundamental antithesis, 
and gives a vast extension to one term of it. We contin- 
ually learn that while the conditions of occurrence of faint 
manifestations are always to be found, the conditions of 
occurrence of vivid manifestations are often not to be 
found. We also continually learn that vivid manifes- 
tations which have no perceivable antecedents among the 
vivid manifestations are like certain preceding ones which 
had perceivable antecedents among the vivid manifes- 
tations. Joining these two experiences together, there re- 
sults the irresistible conception that some vivid manifes- 
tations have conditions of occurrence existing out of the 
9 ■ 
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current of •vivid manifestations — existing as potential 
vivid manifestations capable of becoming actual. And 
so we are made vaguely conscious of an indelinitely ex- 
tended region of power or being, not merely se})aj*ate from 
the current of faint manifostadions constituting tlio ego.^ 
but lying beyond the current of vivid manifestations con- 
stituting the immediately-present portion of tlie non-ego, 

§ 4r5. In a very imperfect way, passing over objections 
and omitting needful explanations, I liavo tlius, in tlm 
narrow space tlia,t could properly be dcvotcal to ii;, indi- 
cated the essential nature and justiil<.uition of tliat primor- 
dial proposition wliicli Philosophy recpiires as a datum. 
I might, indeed, safely liave assumed this ultiniatc truth; 
wliicli Common Sense asserts, whicli every step in Scicjice 
takes for granted, and wliicli no nietaphysiivian ever for a 
inoniont succeeded in expelling from (umscionsness. Get- 
ting out with tlie postulate that the maiiifesta,tions of tlio 
Unknowable fall into the two sc|)arai',e aggregate's (‘onsti til- 
ting the world of conseionsness and the woi’hl lioyond con- 
sciousness, I might have let the justilication of tliis postu- 
late depend on its subsequently-jn-oviul congruity with 
every result of experience, direct and indirect. Jliit as all 
that follows proceeds upon this postulate, it seemed desir- 
able briefly to indicate its warrant, witli the view of sliut- 
ting out criticisms that miglit else be made. Jt seenu^rl 
desirable to show tliat this fundarnental cognition is 
neitlier, as the idealist asserts, an illusion, nor, as tlie 
sceptic thinks, of doubtful worth, nor, as is held by tlio 
natural realist, an inexjdicahle intuition ; luit that it is a 
legitimate delivcu'ance of consciousiicss (rlal><)ra,l ing its ma- 
terials after the laws of its norma, I a.ction. While, in ord(!r 
of time, the estalilisliment of this distinction inuMUHlcs all 
reasoning, and while, running through our mental stnio 
tiirc as it does, we are debarred from reasoning aliout it 
witiiout taking for granted its existence, analysis nevm-the- 
less enables us to justify the assertion of its exist, ence^ by 
sliowing that it is also tlie outcome of a class! lica,tion based 
on accumulated likenesses and aecumuia-ted dilhwema'S. 
In otluir worils, Keasoning, whicli is itsi'lf hut a forma, tioii 
of coliesious among manifestations, Iku’c strengtlums, by 
tlie cohesions it forms, the cohesions whicli it finds already 
existing. 
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8o much, tlKm, for the (lata of Philosojihy. In common 
with Relio’ion, IMiilosopliy a,8Hiimos tlie primordial irnpUca- 
iiori of (a)iiscioiisiiess, whicli, as we saw in the last part, 
has tlie (]oc‘|)(‘.st of a>li i’oundatioiis. It assumes the validity 
of a (icrtain ])rimordial proae.s.'f of consciousness, without 
whicli iiiferen(M3 is impossible, and without which tliere 
cannot even l)e either atiirmation or denial. And it as- 
sumes tlie vtdidity of a certain primordial prodtid of 
consciousness, wliich, tliough it originates in an earlier 
process, is also, in one sense, a product of tliis process, 
since liy this |)rocess it is tested and starnjied as genuine. 
In lirief, our postulates arc: an IJnknowalile Power; the 
existence of knowa,l>le likenesses and diiterences among the 
nuuiifestations of tha.t Powen*; a,iul a resulting segregation 
of tlie tnanif(.istal.ions into those of sidijcet and object. 

Before proecualing witli tlie substantial Imsiness of Phi- 
losopliy— tlie complete uuiiication of tlie knowledge par- 
tially nnilied l>y Sctience, — a further preliminary is needed, 
d'''he'rna]nfestat.ions of iJie Unknowable, separated into the 
two divisions of self a,nd not-self, are re-divisible into cer- 
tain most genei’ai forms, tlie reality of whicli Science, as 
well as (kuiiinon iSmise, from moment to moment avssnmes. 
In the cha,pter on Ultinuite Scientiiic Ideas ” it was shown 
tliat we know notlii ng of tliese forms, considered in thom- 
scilvos. As, miverthelcKS, we must continue to use the 
words signifying them, it is needful to say what interpre- 
tations are to be put on these words. 


OIIAPTKR III. 

SI>A(m, a’lMK, MATTim, MOTION, AND TORCD. 

§ 4h, dfiiAT sceptical Hta,te of mind wliieli tlie criticisms 
of F]riloso|i!iy usually produce is, in grea,t measure, caused 
by tlie niisi nlerprctai-ioM of words. A sense of universal 
illusion ordinarily follows the reading of inetapliysics, and 
is strong in pro[)oriion a,H the argument lias appeared con- 
clusive. d.^his sense of universal illusion would probably 
never Juive arisen luul tlie terms used been always rightly 
(‘onstriuMl. II nfortunately, tliese ternm have liy association 
a(‘ 4 |uircd irieanings tliat n,re fpiite dilTcrent from tliose gdiyen 
to them in phiiosopliicMl discussions; and the ordinary 
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meanings being unavoi(la.b]y suggested, tliere r’osn'lts more 
or less of that (Irearnlike idealism wliicdi is so ineongriions 
with our iiusfciiietive convictions. The word pliriunru'non 
and its equivident word appearance aie in great part to 
blame for tliis. In ordinary s])ee(di these are miirornily 
ein])loyed in rofcu’encc' to visua-l pe»’(a‘-ptioiis. Ualn’t, a.I- 
inost, if not r|uit(‘, disables us from t}rird<ing of appearance 
exce|)t as somctiii ug scum; a,nd tliougli plnannaenon. has a 
more general ized ineaning, ycd we ca.nnot rid it of assoc^i- 
atioiis with appearance ^ whicli is its verbaJ eepd valent. 
When, tlicreforc, Pliilosophy proves that our knowledge of 
the external world (airi be but ])henomenaJ — whtm it ('on- 
cludes tlrat t.he tilings of whieli we are (uinseious are 
appearances — it inevitafdy a.]’ouses in us tlu^ notion of a,n 
illiisiveness like that to whicdi our visual j)eree|)tions are 
so liable in eonpiarison with our tactual peiuuqd ions, (lood 
pictures show us that ilie aspects of things may Ik* very 
nearly simnla,t(ul liy eoh>rs on eauivas. Tin* hKd\ ing-glass 
still more distinctly jiroves how d(u*eptive is sight wlu'ii 
nnverilied ly touch. And the frcMpumt. eases in whioh 
we misinterpret tlie impicssions madc^ on oiir eyes, and 
tlrink we see sometliing wliieh we do not see, furt her shake, 
our faith, in vision. 8o that the impliea.tion of nncert.aiu (y 
luiB infected the very word appearance, ilcmee lduloKo{)hy', 
by giving it an extended meaning, loads us to t hink cd’ ;ili 
our senses as deceiviiig us in tln^ sann* way t hat iha ey(‘s 
do, and so makes ns feel oursvdves tloa.ting in a. world of 
pliantasms. Had and appearance no such mis- 
leading Jissociations, little if any of t.his mentai e.onfnsion 
would r(‘snlt. Or did wo in plmcr of tbmu \m'. tin* tcami 
ejfecl^ which is (upially apiilicalile to a, 11 impressions pro- 
duced on cuinsedoii^ ihrougli, any of tbe scmscus, and 
winch carries with it in thouglit the muuussa.ry eujrrofative 
cvM/sc, with which it is equally rcud, wti shouhi la.t in little 
danger of falling into tlio insa,niti(‘S of idealism. 

Such danger a,s there might still remain wouhl disaiqKuir 
on making a fiirther verlial, corre(d;Ion. At jiresent, tlie 
confusion resulting from tlio above riiisi nterpret.atif)n is 
made g]’(3a,tcr ly an antitlieticad misiriterpia^tidnnu \\h:5 
increase the seeming nureality of tinit j>h(‘nomenal exist- 
crux) whidi we can alone know, by contrasting it witb a 
3i.<)iimenai existence whie.h we imagine would, if we could 
know it, 1)0 more t/ruly real to us. But we deimle our- 



FIRST PRINCIPLES. 


133 


selves witli a verbal ficitioi). Wliat is tlie meaning of the 
word real? Thm is the question Avliicli underlies every 
metaphysieal iiicjuiry, a;nd tlie negleet of it is tlie reinaiu- 
ing eause of the clironie a/ntagonisms of inetapliysicians. In 
tlu5 inter])retation put on the word m/i, the discussioiivs of 
pliilosophy retain one element of tlie vulgar conception of 
tilings, wliile tlioy reject all its other elements and create 
confusion liy the inconsistency. The peasant, on contem- 
plating an oliject, does not regard that which he contem- 
plates as soniet fling in himself, hut helioves tlie thing of 
whicli he is conscious to lie the external object — imagines 
tliat Ids c()nsoiousuoss exiiCnds to tlic very place wliere the 
object lies, dl) liim tlio apjiearance and the reality are 
one ami the same thing, ''riic nietaphysiciau, however, 
is conviiKH^d tliat (•-(inscioiisriess caiiriot embrace the reality, 
but only the ;ip|)e;i.r.‘ince of it; and so lie transfers the ap- 
pearance into cons'uousness and loaves the reality outside, 
ddiis reality left on {side of eonsciousness he continues to 
think of niiudi in tlic same way as ilic ignorant man thinks 
of the appixira-ncix ^riioiigh the reality is asserted to be 
out of consciousness, yet tlic reahms ascrilied to it is con- 
staiiitly spoken of as though it were a knowledge ]) 0 ssessed 
apart from consciousness. It scorns to be forgotten that 
the conception of rcaiily (aui lie nothing more tlian some 
mode of (umsciousness; and tliab the question to lie consid- 
ered is, \Vba.t is tlic relation between this mode and oilier 
modes? 

jiy reality we mean persisfeace in (ftmsciousness — a per- 
sistence that is either iine<)ri(litionaI, as oiir eonscionsness 
of spa.eo, or tliat; is conditional, as our consciousness of a 
body while gras[)ing it. The real, as we conceive it, is 
distinguisluMl solid y liy the tost of ])ersistence ; for by this 
test we sepa.rate it from what we (adl the unreal. Between 
a person standing liefore ns, a, ml the idea of siudi a person, 
we diseriniinai^^ iiy our aJiiiify {.<> exjiel the idea from con- 
sciousmuss a;nd our alii lily, while looking a.t him, to expel 
tfie person from consciousness. And when in doubt as to 
the validity or iliusivencs;s of some irnirression made upon 
us in tlie ciusk, we settle the matf.er by observing whether 
the impression persists on closer observa-tion; and we pred- 
icate reality if the piersistenee is complete. How truly 
persistence is wliat we mea.n liy reality is Bhown in the 
fact that when, after criticism has proved that the real as 
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we are conscious of it is not the objectively rcjil, tlio in- 
definite notion wliicli "we form of tlio objoctiv nly real is of 
something wliicli persists absolutely, under all changes of 
mode, form, or appearance. And the fact that we (cannot 
form even an iiulehnite notion of 1-ho absolutely I’eal, 
except as the absolutely persistent, e]ea,r]y implies that 
persistence is our ultiinate test of tlie real as present to 
coil scioiisn ess. 

Reality then, as we think of it, being notlring more 
tlian persistence in conse.iousness, the result must lie the 
same to uswhetlier tliat whicli W(Oj>erceivc bo i he Unkuow- 
al)le itself or an elfect iuvarialily wrought on us ])y the 
Ihiknowahlo. If, under constant conditions furnished liy 
our constitutions, some Power of winch the natirni is lie- 
yond conception always produces some mode of cumsidous- 
ness — if tliis mode of conscioiisiiess is as persisi.cvnt a-s would 
be this Power wore it in consciousness, the reality will be to 
conseionsness a,s complete in the one ease as in t.he other. 
Wore IJn conditioned Being itself present in thought it 
could but bo persistent; and if, inst(\a,d, iliere is present 
Being conditioned liy the forms of t.liougbt, but no less 
persistent, it must be to us no less rixil. 

Hence there maybe drawn tlicse coiiclusions: First, that 
we have ail indefinite coiiscionsness of an alisolute reality 
transcending relations, wliich is prodiieed by tlio a,bsolnl;.e 
persisteiice in us of something which survives all (dianges 
of relation. Second, that we liave a definite eonseiniisnoss 
of relative reidity, which iineeasingly persists in us under 
one or oilier of its forms, and under ea.cJi form so long as 
the conditions of •|)rescntaiion a,rc fullilhid ; and that tlm 
relative reality, being thus (amtinnously |)ersist(mt in us, 
is as real to us as would be tlic al)solutc reality (-oiihi it l>o 
immediately known. Third, tliat thonglit being possible 
only under relation, the relative reality ca-n l>c (ameeiviMl as 
such, only in connection witli an ahsoiute reality; and the 
connection between tlio two being alisohitidy })(*rwsi(mt in 
our consciousness, is real in tlio same s(mse 'as the terms it 
unites are real. 

''iduis, tlien, we may resume with entire (aiTdi(lerie>e t.hosc 
realmtic conce])tions which philosophy at first sigldi m.nm 
to (lissipatc. Thougli reality under the forms of our (con- 
sciousness is but a conditioned olTect of Ilia absolute reality, 
yet this conditioned cihet standing in indissoluble relatimi 
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with, its iniconditioiied ciiusc, and l)eing eqnidly persistent 
witli it so long as the (M:)nditions persist, is, to tlie e()n- 
scioiisness su|)])lyiiig those (*oiiditio.ns, orjinilly real, ddie 
persistent irn[)ressionB being tlie persistent results of a ])er- 
sistent cause are for j)ra(ddeal purposes the same to us as 
the cause itself, and may be hal)itually dealt witli as its 
equivalents. Somewlnit in the same way that our visual 
perceptions, thougli merely symliols found to be the equiv- 
alents of ta.ctual pore, options, a!*e yet so identified with 
those ta,(dual |)er(*epti()ns that we actually a,ppear to see 
tlic solidity aiud hardness which we do but infer, and thus 
conceive a.s ol)jects what are only tlie signs of objects; so, 
on a liighcr sl.ago, do we deal with these relative realities 
as tliough tliey were al isolates instead of eifccts (jf the ab- 
solute. And we may l(‘.gii.ima,tely continue so to deal with 
them as long as the. (‘oiK^lusions to wliich they help ns are 
understood a,s rcdat-ivi^ reahi.ies ariid not absolute ones. 

''hliis general (anndusion it now remains to interpret spe- 
cif] eaillyi in its applicadon to (iach of our ultimate scientiiic 
ideas. 


§47.*’'^* W(^ think in rihitions. This is truly the form 
of all thougli t; a,nd if llna-e an^ any othm' forms they must 
be derived from Ibis. We. have se(m((4iap. iii. Pm‘t L) 
that the siu'm’al ultimat.e modtis of being cannot be known 
or coiHHiivisl as they (*xist in themsehes, tlia.t is, out^ of 
rdaiiou to our cons('ioUHn(‘Ss. Wt^ have seen, by analyzing 
the produet of thought 2:5), that it always consists oi; 
relations, a.nd eaiuiot include any tiling beyond the tnost 
general of these. On a.naJyzing the proec^ss of tlionglit wo 
found that <a)gnition of tlie Absolute wa,s impossilole beiianso 
it presmited neither relaHon>, nor its id(uu(Uits— dillerenee 
and likimess. hhirther, we found that not only Iirtelligcmce 
but Idfe itself consisls in tlui (*slablislim(mt of internal 
reiaCnns in (.;orrcspoiuhui<*e with external relations. And 
lastly, it was shown that tliough by tlu) relativity ol our 
thought we ani (‘ternally deba,rred from knowing or con- 
eeiviiig Absolute Peing, ytd, that this very of our 

thought Tus'cssi tatixs lliat vagii(.‘ conseiousuess ol Absolute 
Being whieli no mental elfort can supiiress. dJiat fekiHon 


•i* For tho TWVt’HoIoi**]*'!!! hriotty K(*t forth in pV* 

seef ionH followinK Oic Justiiication will be found in fciio writer a 1 rmciplei 
of Uaychology.*'’ 
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is the nniversal i'onn of is ihiis a tnith wlrioli all 

kinds of dcTnoiislvration vmito in in’oviiia;. 

By tlio t^^lnscon(l(;u^;alists, fua-t-ain olhor plaaiontfah’i of 
conscvionsnc'ss a.re rc^’aiNl<Hl as forms of t hoii,Li;hl. Pn'.saoi- 
iiig tliJit rola.lviou would bo aBniiitcMl by tiiom to bt* a. uni- 
versal nunibaJ form, they would olass with it two otiiors as 
aJ-so iinivorsak Won^ tlioir liypfUbosis othorwisf* t«ma Ido, 
however, it must still b(‘ n‘jo(‘hMl if snob alloyod fmdhor 
forms arc i ntor})rotal)h:5 as i^oiioraltMj by I lor primary form. 
If wo tliiuk in relations, and if rohdions lia\o oojirdii mu- 
vers;d foimis, it is manifest tliat sm*h iiid versa 1 forms of 
redations will l)oeome univin'sal forms of our ofuisf'iruisiioss. 
And if tlieso furtlun* universal forms an^ tinis explioabh* it 
is siiperfliioiis arid tberefon^ unphilosophioal t<Hissiyn t hem 
an indo[)endeiit origin. Now ndations are (d‘ two <»rders: 
relations of soqnenoo and relations of eo-ivx istinuM* ; of wldeh 
the one is original and tim other <leri\'ati via d’lie relation 
of scMiiieiuMi is gdven in m'ery eduinge of <‘onse.ion,nieS''. The 
relation of eo-irxisteaieig wliieh eannol, l)(‘ origiiialiy givcMi 
in a e.onseionsness of whieh tdn^ states are serial, hee«>mes 
distinguished only wiieu-it is found tbaf eertain relations 
of BO(|in,:inee liave their terms |)rt!seidj‘d in eiHiseioiisness in 
eitlier order witli e(|u,al facility, while tIm others are pre** 
soiiteii only in one order, lielations of whiidi tin* imnns 
are not reversible lieeomo reimgni/aul as scapieners propt‘r; 
while relafions of \vhieh IJie terms oeeiu* inditrerenily in 
botli diriMdsons beeome r(a,*ogni/.ed as eo-existmers, land- 
less exgxn'iinmes, whieh from moment (o moment present 
l)ot;h orders of th(‘sti ndations, render the di-tinet ion bi*- 
twemi them jrerfeidly ihdinite, and at the sarnie firm? 
generate an alistraid. laineeption of eaeln ddie alistramt of 
all sequences is Idnun dda^ abstniet of all eo-oxisleaef is 
Space. Trom the fact tliat in thought t iiuo i.-t insep;irable 
froin s(a|uonee, andSpaiai from eooixistmiro, we ilo not here 
infer tha.t Time ami Sjiaee are original (amdilion.: of cuii- 
seioiisiiess under wliieh sivjueneis and eii-exi'Uinsees are 
known; Imt we iid’er that our eoneeptions of time ami 
B|)aiee as*e genera-te<I, as other a.bstraets are generatiMl from 
other c;oiieretes, the only (iilTerenee heing that the organ- 
iza,tion of (!X|)erienees lias, in tliese easiM, been going on 
tlirongboiit tlio eiddre i-voIidJon of inttdligeneo. 

dth is synthesis is (‘onlirmed by analysis, ilur eonseioiis- 
ness of Space is a (tonseiousuess of eo-existeni positions. 
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Any limited port ion of e;in be conceived only by 

ixvpreseoiiii^ its lirniis as (*o-exist:in;T in certain rehitiv'o 
positions, and (‘acli of its iniagincd bonndaritjs, be it line 
or plane, (^an las l.hongiil. of in no other way than a.s made 
up of eoovxi stent positions in closer proxiinity. And since 

a |)osition is not an tnlily sinee the c<jngeries of ])()siti()ns 

wliicii constitsite any eonoeivrd ])ortion of s])ace and. .inark 
its lionnds are not smsihli^ existeniH's, it follows tliat the 
co-(‘xist(nit positions whioh inaln^ up our (ajMseiousnoss of 
Spa.«u‘ ar(i not <“o existenees in the full sinsc of the word 
(wlueh implies I'ealitix's as Ihoir tmans), but are the Idank 
forms of e.<^-exisii‘in’es, left^ belli iid when i.he realities a. re 
absent; Unit is, an* Has ahstraets of oo-c'xistenees. dlie 
cxperimiees out, of whioh, during the (evolution of intelli- 
g(*n(;e, this alidraol. of ail <’o-tvxisb‘iie(.‘S 1ms been generated 
a.r(^ experieraM's of individiml positions as aseendained by 
toiali; and eaoh of sueh exp<*rieia*es inx'olves tiurresistance 
of an objeot tonehed and (la^ nnisenlnr tnnsion wlricli 
naxisures this resist aiasx I>y (‘mint less niilike nmseular 
adjust, inonts, involving nniilo'. imismdar tensions, diirerent 
resisting positions ai’i* disflosml; and t,ia*S(‘, as tiny can bo 
(xxpei'ieia’ed in ole* onhw as readily as anotla*!’, \v(i r(‘ga,rd 
as i*o-existing. Ibit siner, umler <)ila‘r cirenmsta.iau's, the 
sanie inusi'nlar adjustnanis do not prodiKM* eont.aet with 
resisting iH>siti«ms, there nsiilt, the sa,ine sia,i,es of eon- 
seiousness niiniis the I’lsdstanees— hhink forms of co-exist- 
cnee from whieh the eoa*\istent (d)jeel,s laibire e.xp{;rienced 
an*, absi*nt. And from a huiliiing up of tlmse, too eIaboratc3 
to be hen* d(*taiiod, resull.s that abst,ra,('i of ail .rdations of 
co-exisltnne whnvli we eall S|)aee. It remains only to point 
out, as a, thing which w(* must not forget, that the ex- 
perienees from w hieli tin* eouseiousuess of Uparu^ a.rises a, re 
(‘Xperieuees of /'mw. A eertaiu correlation of the nnis(*,u- 
lar forees wt* oursche,'; excrcist* is the index <;f eaeii posi- 
ti<»n as originally dis<d<ie*d to us; and the resista-netmv'hieh 
ma kes us a wan* of snna'iluug existing in tlmt jiosition is 
all e<pii valent t»f t he pn‘.*:sun! we eonseiously (‘xert. '’Ilins, 
ex|n‘ri(*nees of for('(‘S variously (‘orrelalr-d arc those fro n:i 
whir*li onr (‘onseiousia*ss f)f Hpaet* is ahKtra,(!i(‘d, 

'riiat. whie’li We know as Spaee h{‘ing thus shown alike by 
its gi*nesis and definition to l>e punvly n^lativo, wiial, are 
we to say of that whieh (‘ansiis it? Is tluu*e an alisoliite 
H|)ace wliieb relative Spaei* in some sort rciiresents? Is 
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Space in itself a form or condition ol* absolute cxiRtence, 
producing in onr minds a (*orri‘S|)onding form or eondiliou 
of relative existence? Tlu^st^ a,re imiinsw(>rable (jiicslions. 
Our conception of Sparui is ]) rod need by soni(‘ niotlo of {Jin 
IJnkiiOAvable; and the cojn}>Iete uneliangeal>h*iiess of our 
conception of it simply imjhif’s a^eomphne uniformity in 
tlie elfects wronglit l)y this mode of the T nknowaJ>h‘- upon 
us. .But therefoixi to cjdl it a neeessjn'y modi* of lla‘ I’m 
knowahle is illegitimate. All we <'an assert is that Spaci* 
is a relative reality; that our (X)nseiousne,‘S of I, his unrliang- 
ing relative reality implies an. absoluto reality epualiy 
unchanging in so fa-r a,s we a>r(^ eoncerned, ami t hat tin*, 
relative reality may In^ unhesi tail ugly a<'ee{)ted in thought 
as a valid basis for our naisonings, wbieln when rightly 
carried on, will luring ns to truths that have a likr’ ladative 
reality — the only truths whitdi eomaum us or ran |>ossihly 
be know 11 i-o us. 

(tmeeniing dime, r(daliv<‘ a, ml al>srdule, a, jatrallel argii- 
iTH,vnt leads (,o jairalh*! eomdusnms. d’he.e' are too rdivioiis 
to need s[>eeiryiiig in dtnail. 

§ 48. Our con(‘epti()ii of Maitiu*, retlmaMl lo its simplest 
shape, is that of (anexistent |>ositions tJuit, olbrr resistance, 
as contruistiid with our eoru‘eption of 8|>a.(ag in wlueli tlu^ 
co-existent positions olTer no nssistainaa Wt^ think of 
Body as hounded by surfaces that resist, and as made up 
througliout of ])arts tdnit resist. Ahuifally ahsli’aei the 
co-existent resista-nees and tin* (•(uiseituisfu-ss (d* Ihiely dis- 
appears, halving hifliind it. tin* e<ms(donsue,.s nf Sjaaee. And. 
since tlie group of eo-exisiing resisteui. positions eeiU'ti- 
tilting a portion of matter is uniforudy eapahie of giving 
ns impressions of rcsistanee in eonddnatimi with various 
musculair adjustments, aee.ording as we tomdi its near, its 
remohg its rigid., or its left sides il. results that, as dilTertmt, 
museiilar adjustments halntually i ml irate dilTereni eo- 
existenees, wo are (diligeil to eone«'i\e every |ioidion of 

imittm' as containing more than om* resistenl. |»ovilion 

tlia.t is, as otanipying S|)a=e(‘. lienee the nei-essity w<‘ are 
under of n^pnxsimting to onrs;*lv<.‘S the uliimufe elemmits 
of Malter as h(‘ing a,t oikh^ (‘xtended and rerlslent. d’liis 
being the nnivm’sal jorm (if onr si*nsilih' experimtei^s of 
Ma.tter becomes t.lu^ form whi<‘li emr eoueepiifin (d it lain- 
not transcend, liowtn*er minutif the fragmimis wliich imiig- 
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inary subdivisions produce. Of these two inseparable 
elements tlie resistance is primary and the extension sec- 
oinhiry. Occupied extension, or Body, being distinguished 
in (a)iisci()usi.u3ss froni unoccupied extension, or Space, by 
its resistiuice, this attribute must clearly have precedence 
in the genesis of the idea. Such a conclusion is, indeed, 
an obvious corollary from that at which we arrived in the 
foregoing section. If, as was there contended, our con- 
sciousness of Space is a product of accumulated experiences, 
partly our own but chielly ancestral — if, as was pointed 
out, the ex|)eriences from which our consciousness of Space 
is abstracted can be received only through impressions of 
resisian(;e maxie u.j)on tlie organism, the necessary inference 
is that experiences of resistance being those from which 
the (ioiKieption of Si)ace is generated, the resistance-atbri- 
biito of nnitter miist be ]’egarded as primordial and the 
s))ac(i-atti'ibnt(5 as derivative. Whence it becomes manifest 
tliat our oxj)erieiic.e at force is that out of which the idea 
of Matter is litiilt. Matter as opposing our muscular ener- 
gies laving irnme(lia.tely present to consciousness in terms 
of forc.(3, a, ml its o(‘.cupa.ney of Space being known by an 
abstract of (cxpcvriencc^s originally given in terms of force, 
it follows tlnit forces standing in, certain correlations form 
tlio wliolc (lontent of our idea of Matter. 

Such being our cognition of the relative reality, what 
are we to say of the absolute reality? W^e can only say 
tluit it is sonic mode of the Unknowable, related to the 
Matter we know, as (anise to effect. The relativity of our 
cognition of M'atter is shown alike by the above analysis 
and by the contradictions which are evolved when we (leal 
witli the cognition as an absolute one (§ IG). But, as we 
liave lately seen, though known to ns only under relation. 
Matter is as real in tlie true sense of that word as it would 
1)0 could we know it out of relation; and further, the rela- 
tive rca,lity which we know as Matter is necessarily repre- 
sented to the mi ml as standing in a persistent or real rela- 
tion to the aljsoluto reality. "We may therefore deliver 
oursoh'i‘s over witlioub liesitation to those terms of thought 
wliich experience has organized in us. We need not in 
our pliysical, chemical, or other researches refrain from 
dealing with Mxitter as made up of extended and resistent 
atoms; for this conception, necessarily resulting from onr 
experiences of Matter, is not less legitimate than the con- 
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ception of aggregate masses as extended and resi stent. 
The atomic hypothesis, as well as the ki;n(lreddiYpo (thesis 
of an all-pervading ether consisting of molecules, is sini])]v 
a necessary develojnneut of those nnivcrsal forms wide* h the 
actions of the Unknowable have wronglit in ns. ddie con- 
clusions logically worked out by the aid of these hypotlioses 
are sure to be in harmony with all otliors \v])ich these same 
forms involve, and will have a relative truth that is equally 
complete. 

§ 49. The conception of Motion as presented or repre- 
sented in the developed consciousness involvujs the comuvp- 
tions of Space, of Time, and of Matter. A something that 
moves, a series of positions occupied in succession, a.nd a 
group of co-existent positions iniitcd. in thought witli the 
successive ones — tliese are the constituents of tlie idea.. 
And since, as wo have seen, tlieso are sevcnuilly ('lahorjitcul 
from experiences of force as given in certain corrtjhitions, 
it follows that from a further synthesis of such, exixM-imuui 
the idea of Motion is also ela])ora,ted. A (xn’iain otlier 
element in tlie idea, whicli is in trntli its fundaiii(mta.l cle- 
ment (namely, the necessity wliich the moving body is 
under to go on changing its positi{)n), results inumulijitely 
from the earliest experiences of force. ]\rovem(*nts of 
different parts of tlie organism in relrdion to ciacli oilier 
are the first presented in consciousness. Tlicse, ])rvi<liiccd 
by the action of tlie muscles, necessitate reaei.ions upon 
consciousness in the shape of sensations of muscular ten- 
sion. Consequently, each strotcdiing-out or di*awing-iii of 
a limb is originally known as a series of muscuilar tensions, 
varying in intensity as the position of tlie limb cliariges. 
And this rudimentary consciousness of Motion, consisting 
of serial impressions of force, becomes inseiiarahly uniteci 
with tlie consciousness of Sjiaeo and Time as fast as these 
are abstracted from furtlicr impressions of force. Or 
rather, out of this pirimitive conception of Motion, tlie 
adult conception of it is develotied simultaneously with, 
the development of the conceptions of Space and Tiriu*.— all 
three being evolved from the more multiplied and vai-iod 
impressions of mnscnlar tension and objective rcsistaimo. 
Motion, as we know it, is thus traceable, in common with 
the other ultimate scientific ideas, to experienctes of force. 

That this relative reality answers to some absolute reality 



FIRST PRlXrlPLFS. /Ml 

it is needful only for ferriu's .sake to assert. W’liai; lia> 
been said above resiHvcUii,^* t lu^ Urdvieovn (‘ause wliirh |ir»^ 
duces in iis the en'ects <'al{ed Mattia', Sj>atM% uiid d’inn‘, will 
apply, on simply cluingini'- tlie terms, (o Moiaom 

§ 50. W(,i (iomo down tlnm, finally, to b’oree as flic* nlt i* 
mate of idtirna,tes. Hiougb Space, Tinas Matter, a, ml 
Motion are apj)arently ail necessary da.ta. of inUdli^omce, 
yet a psy<di()lo<j;'if'al analysis (lieri* indiiaited only in rudt* 
outline) sliows ns thaJ. ihests are either Iniilt n|> of, or all- 
stracted fronn expcn’ie.nees of force. Matter and Mfddon, 
as wo know then), aiv^ ilifTcrenily conditioned nianife;sia.“ 
tions of force. Space ami d/im(% as wc km»w Ihcni, are 
disclosed alonc^with dilTcrcnt- mani festat ions cd’ fco’ce 

as the eomlil.ioMs nnd(*r winch they arc. prc'smilcd. Mat f«*r 
and Motion are eoma‘(*tcs hnill up from tin; rm/Avz/x of 
various mentaJ ridaiions ; win le Spm^c ami d'ime are ahst racis 
of the /br/nx of t lnxse various relations. Deeper down t han 
these, however, are the primordial (experiences of In.rce, 
which, as o<‘<airrlnit in conscionsness in dilTcrent comhina' 
tions, siipldy at onct' the materials whence the forms of 
rehttioiis are ^i(em‘ralized, and Uh* ixdated (d»j(u*ts hiiilf !i{i, 
A single iinfiression (d’ riwe(‘ is manift^stJy reeidsahh* !»y a 
sentient being devoid of immtal forms: grant, hut. sensi- 
bility, with no est,aldislu‘d power (d’ thought, aanl a fors‘e 
producing s()nui mvrvoiis (diang*^ will still he |(resenfalile at 
tlio Hup{)osed s<‘at of sensation. Though no single imprt^s. 
Bion ()f for(:e so rt*eeived (umld iisidf prtHhiee m}ns(‘ionsness 
(wbieli implit^s ndaiions l)«d.W(Mm differeiit slali'S), Vid. a 
niultipli(%ation of sueli impr<^%sions, dilfering in kind and 
degree, would give the nniterials for tin* (*slahl irdnmmt of 
rehitions, that is, (d‘ thought. And if siicli relations 
dilTered in tlndr forms as W(dl as in tindr eontenls, the 
imjir{!Ssions of such forms woub! In* <jrgani/ed simnltams- 
ously witli tlni inipressi<nis tln^y contained, dliu.s all (dJier 
modes of e.onseionsness an^ dmdvahht from exptndeiiecs of 
forece, liut experience's <d’ Idiret'are not deri vahli* from any* 
thing else. IndtnMl, it needs hni to remember that com 
sciousuess (*.oiisisis <d’ (dmng<*s t.o set* that t lu^ nltimate datum 
()f conseiotisness must 1 h‘ that of which change is the maii- 
ifestsition; ami tluit thus the force by svhieh we onrselve.H 
produce elm.nges, and which serves to symboH/.e the easise 
of changes in general, is the Hmd discloHum of analysis. 
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It is a truism to say tliat the uatiir(> of tlii.s iiiHloceiu- 
posable olerneiifc of oiir knowledge is iiisfoorlMlile. 1 1', jo 
use an algebraic illustration, we represent: Mailer, Mol ion, 
and Force by the symbols ;r, ;?/, .r, then we nniy moxTlaiu 
the values of x and y in tenns of Jni t the value of : can 
never be found: zk the unknown (jinintity whi<‘ii must 
forever remain unknown, for the oio ious riaison tlmj. there 
is nothing in whicli its value can be expressed. It is within 
the possible reach of our inielligcnec to go on sim|)lifvirig 
the equations of all phenomcnti nnlai tlie com|de:^ syinf)ols 
which formulate them are reduced to certain fuuctirms of 
this ultimate symbol; but when we liave doiui this we have 
ixached that limit which eierually divi(k*s Si^ieiicti from 
nescience. 

That tliis undecomposa]>le mode.! of eonseionsrmss info 
which all other modes maybe de{a)m|)os<al, (auinot itsidf 
the Power maaiifested to us tlirough plienonnma., lias been 
already proved (§ 18). Wo saw that to assume an identif y 
of nature between the cause of (diaiigr^s as it alisolufcly (rx- 
ists, and rhat cause of change of wblcii wt* ar<‘ <*ous(‘ioMs in 
our own muscular efforts lietrays us ini.o alimmaJ ivi* im- 
possibilities of thought. Force, as we know it, ran be 
regarded only as a certain conditioned effect of tin' I’ncon- 
ditioned Cause — as the relative reality indicating to us an 
Absolute Eeality by which it is immediaidy prodiieiMl. Ami 
here, indeed, we see even more clearly than berfore Imw 
inevitable is tliat transfigured realivsm to winch sc(?piieal 
criticism finally brings ms round, (letting rid of all mm- 
plications, and contemplating pure Force*, w(^ arc i rn'sisl i bly 
compelled by the relativity of our thonglit to vagmdy con- 
ceive some unknown foi\;e as the correlative of tin* known 
force. Noumenon and plicnonuinon are lien^ liresentcd in 
their primordial relation as two sides of tin* saim* ehangir, 
of which we are obliged to regard the last us no h‘ss inaJ 
than the first. 

§ 51. In closing this exposition of the derivative* <h*ila 
needed by Pliilosophy as th(,^ unifier of .Sf'iema*, Wf* inav 
properly glance at their relations to ilm primordial data 
set forth in tlie last chapter. 

An Unknown Cause of th^^ known cITecdH wliicli wc* call 
phenomena, likenesses and differences among tliCHc known 
effects, and a segregation of the ellects into siibjecit and 
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object— tliese are the postulates without which we cannot 
tliiiik. Within each of the segregated masses of manifes- 
tations tliero a, re likenesses and ditferences involving sec- 
ondary segregations wliicli ha,ve also become in(lis])ensab!o 
posiailates. ddie vivid inanifestatdons constituting tlio 
von-e(j() do not sinijily cohere, l)iit their cohesions htivo cer- 
tain in.variaJ)l(i modes; and aniong the fa,int nmnifestations 
conslritiiting the wliicJ) are products of tlie vivid, there 
exist corres})()iiding modes of cohesion, ddiese inodes of 
coliesion nnde.r wliicdi nnuiifestations arc invjiriahly ])re- 
sentcd, and ttierefore invaria]:)]y re[)reseiited, we call, wluyn 
conternp]a;t(vl a])a,rt, H])ace and ''I^ime, a, ml wlion. contem- 
plated along with tlie manifestations themselves, Mutter 
and Motion. Tlic viltimato mitnres of these modes are as 
unknown as is tlu', ultinnite nature of tliat whicli is mani- 
fested. lhit» just tlm same waavrant wliich we have for 
asserting tha-t sul)j‘(K;t and objtict co-oxist, -wo lia-ve for 
asserting tludi the vivid manifestations we call objectivo' 
exist under certain constant conditions, thrit are symbol- 
ized by tliese (umstant conditions among the manifestations 
we call sulijective. 


(triAPd^ER IV. 


THE lNVI)E8TlU;(!Tri:VII.rTV OE IMATTEin 

S r>2. Not l)ecanso the truth is unfamiliar is it needful 
Iiere to say something coiKuirning the indestinictibility of 
Matter, but paadly Ixicausi; the symmetry of our argument 
dmnands the enumdation of this trutli, a.nd partly because 
tlu^ evidence on whicrli it is a,cct^j)ted re([uir(^s examination, 
(loidcl it 1)0 sliown, or c.ould it wiili any rationality be even 
supposed, that Mutter, (dtlier in its aggregatvis or in its 
nnits, over becaanc non-existent, there would be need either 
to ascertain n ruler what conditions it liocaime non-existent, 
or else to eonfijss tliat Ne/iencc a.nd Pliilosopliy are impossi- 
ble. l^'or if, instead of liaving todca,l witii lixed quantities 
and weights, we Inul to deal with quantities a<ml weights 
wliicli were a|)t, wholly or in pa.rt, to be annihihii.ed, there 
would be introdimed an in<;;aicu!al)le clement, fata^l to dill 
positive conclusions, (lUiarly, tlicrefore, tlie proposition 
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tliat matter is indestructible must be (lelil)tsrately consid- 
ered. 

So far from heina; admitted as a self-io idenf, Irntli, ill is 
would, in primitive times, liave l)een reje(*ted as a self- 
evident Gri‘ 0 ]*. Thei'c was omu* universally current a notion 
tlnit tliini»’s could va.nis]i into absolute notliin;^- or arise nut 
of a,bsoliito nothing;. IF we analyze (\‘irly vSU|)(‘rst it ions, or 
tliatfaitli in niagic wbiidi was general in hdvr iiines a ml 
even still survivals among tlie uiicultured, wt^ 11 ml one of 
its postulates to 1)6 that by som(3 potent, sptdl Mat t.er can 
be called out of nonentity, and (^an la; made non-existent. 
If men did not believe tliis in the strict stmse of t.lu^ word 
(wliicli would iiin)]y tliat the |>:roc{‘ss of cr(‘ai,ion or anni- 
liilatioii was clearly represented in consciousness), t hey st ill 
believed tliat tliey lielioved it; a.ml how nearly, in Ihi-ir 
confused tliouglits, tlie one was (aiuivahmt t.o t hi‘ ot her, Is 
sliown l)y their eondnet. Nor, iiid(H‘d, have dark ages ami 
inferior minds alom; liel-rayeil this belief. Tins mirrent 
tlioology, ill its teaeliings respiading thi* liegi lining and. 
end of tin; world, is (dearly pervaded by it ; ami it may he 
even (luesticmciil wlietber »ShaJ<(‘speare, in his |)oet.i(*al aiilie- 
ipatioii of a time wlien all things shall disa|)}H*ar and 
“leave ned a wraede belrind,’’ was not under its iirfluence. 
Tlie gradual accumulation of (‘xpcudcmcH'S, however, ami 
still more tlie organization of (‘xp(‘rienc(‘S, lias fended 
slowly to reverse this (*onvi(d/ion, until now flu* doedrine 
tiuit Matter is indc^strmddhk^ lias heeona; a. eomnioit|)lace. 
All tlie ap[)aront. [iroofs that, sonadhing can come out of 
nothing, a. wiibu* km)wl(‘dg<‘ has one liy one eanecllcd. 1’he 
(joinet tiiaJ; is suddenly discovered in tin* lusavens and 
nightly waxms larger is proverl not to lx* a m*wly ereafetl 
])0(ly, but a body that wa,s until lately Inn'ornl the range of 
vision, d’iie cloud whi<di in tin; course of a few jninut(»s 
forms in tlio sky eom^ists not of suhstanei* f haf. has Just 
b(3giin to be, l)ut of substama; fdiafi previously (‘xisled in a 
more dilTuso(l and transpanmt form. And similarly with a 
crystal or pr(;eipitadi(; in ndation to tlu‘ Iluid dep<>siilng it. 
Conversely, tlie seeiniiig anniliilatifiiis (d* Matter furn out, 
on oluser observad.lon, to be only (diangiss of sfati*. ft is 
found tlmt the evaporad:{;d watei*, Uioiigb it has iHa/mno 
invisible, may ho hrouglit by <'omb*nsation to its original 
shape. The disrdiarged fowling-pieex* givivs evidmme that 
tliougli the gunpowder has <lisa{)peart‘(r tlu*rt‘ have ai*iM*ari>d 
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in place of it certain ^ases, in assuming a larger 

voluine, liave caused tlic explosion. Not, liowever, until 
tlie rise of quantitative chemistry could the conclusion 
suggested l)y siicli expeiuoncos be harmonized with all tlie 
facts. When, having ascertained not only the combina- 
tions foi*mod by va,rioiis substances, but also the propor- 
tions in wliieh they combine, chemists were enabled to 
account for tlie matter that liad made its appearance or 
become invisible, scepticism was dissipated. And of the 
general conclusion tlnis readied, tlie exact analyses daily 
made, in wiridi tlic same portion of matter is pursued 
through numerous disguises and finally separated, furnish 
never-ceasing confirmations. 

Sucli has become the effect of this specilic evidence, 
joined to tliat general evidence which tlie continued exist- 
ence of familiar objects unceasingly gives us, that the 
indestructibility of Matter is now held by many to be 
a truth of which the negation is inconceivable. 

§ 53. Tliis last fact naturally raises tlie questiou, wbetlier 
we have any wanamt for this f undam on taf lioliivl; than tlie 
W’’arrant of conscious induction. Jhvfore sliowing tliat we 
Imve a liighcr warrant, some exqihuiatious are needful. 

''.Idle consciousness ol: logiiail necessity is the conscions- 
noss that a certain coiudusion is implicitly contained in 
certain premises ox[)li(jiily stated. If, contrasting a young 
child and jui adult, we see that tliis consciousness of logical 
necessity, {ibsent from the one is present in the other, we 
are tauglit tliat there is a growbuj up to the recognition of 
certain necessary truths, merely by the unfolding of tlie 
iulioritcal intclloctual forms and faculties. 

''ho state tlie case more specifically: Before a. tnitli can 
1)0 known as necessary, two e.ouditions must be fiilhHed. 
''riiere must be a mental strue.ture ca[)ail)lo of grasping tlie 
tcvrms of the pro})f>siiion and the relation alleged lietween 
them; aud^ IJiero must be such definite and deliberate 
mental represerit-ation of these terms, as makes possible a 
ehuir <;onscionsn(.»ss of this relation. Non-fulfilment of 
ei tiler condition may cause nmi-recognition of the necessity 
of tlie trutli. Let us take causes. 

ddio savage wlio (ainnot count tlic fingers on one hand, 
can frame no deliuite thought answering to the statement 
to 
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tliat 7 and 5 arc 12; still less can he frame iJie conscious- 
ness tliat no other total is possible. 

The boy adding up figiiros inatteniJvoly, says to himself 
tliat 7 and 5 are il ; and may rc]H‘ai:.(Mlly liring out a wrong 
result by ropoatodly ina.kiMg this err(>r. 

Neither the non-recognition of the truth that 7 and 5 
are. 12, wliicli in the savagt^ riisiilts from uiulevolopet! men- 
tal structure, nor the assertion, due to tlie boy’s careless 
inentai action, that they make 11 , leads us to doubii tlie 
necessity of the relation between tliese two separately 
existing xmmbci'S and the sum they make when existing 
together. Nor does failure from cither (‘.anse to a|»|)ri‘lu?nd 
the necessity of this relation, malvc ns luxsitalc to say tliat 
when its terms are distinctly n^piaxscntoil in i/houglit, its 
necessity will be seen; and tliat, ajiart, from any mult iplied 
experiences, this ncctxssi ty l)ee.ouu‘S (acgiiizabli* wlum siruct- 
iires and functions arc so far (hn'clo|M'd t.lial groups of 7 
and 5 and 12 can ho inl.(ill(‘ctually grasped. 

Manifestly, tluMi, tlierc is a rooognit ion of necessary 
truths, as siieh whieJi ae<*oin|)ani(rs mental evoiutioin 
Along with aer[iiirement of more (tomplex fmuiity and 
more vivid imagination, lliere comes ji, ))owi*r of |H:*r«‘eiving 
to be necessary truths, what were hicforo not rec-ognized, as 
truths at all. And there are ascending gra<iat.imis in t!n:»sa 
recognitions. A hoy wdio has iirUdligciute enougii to m:*. 
that things which are equal to ilie sa;mc thing arc (‘<|uai to 
one auotiier, may he imablo to se(^ that rat ios ^vhich are 
severally equal to certa,in oiluu* ratios that are unequal to 
each otiicr, are tliemselves umafual; though fo a more- 
developed mimltliis last axiom is uo h‘ss obvicuslv nee<‘ssary 
than the first. 

All this which holds of logical and rnatlHunatical trutlis, 
holds, with change of terms, of |)hysical truths. There 
are necessary trnthvS in Pliysics for t.lu^ aiqu’elimisiou of 
which, also, a developed and dis<‘i|)lined intelligenee is 
required; and before sneh intelligiuua^ arises, not only 
may there be failure to ajifxi'eheml ilu^ msH^ssity of them*, 
hut there may 1)0 vague 1x^1 itds in their eonlraVitvs. irp 
to comparatively recent times, all mankind wirre, in ilds 
state of incapacity with respect to physiesd axioms; a.nd 
the mass of mankind arc so stall Va.rious popular notions 
betray inability t.o form dear idc^as of forrtes iind thedr re- 
lations, or carelessness in thinking, or iKitli. ' hltTeets an^ 
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expected witliout causes oi* fit kiiids; or C3flects extremely 
disproportionate <;auscs arc l<joked for; or causes are 
supposed to end witliout elfects.''' .But thoiigli many are 
incapii!)le of grasping }>hysicai axioms, it no more follows 
tliat pliysical axioms are not knowable a prion by a de- 
veloped intelligence, tlian it follows that logical relations 
are not luicessiiry, because undeveloped intellects cannot 
perceive their necessity. 

It is tlnis with the notions which liave been current 
respecting the creation and annihilation of Matter. In 
the first place, tliere has been an habitual confounding of 
two radically different things — disappearance of Matter 
from tliat place where it was lately perceived, and passage 
of Matter from existence into non-existence. Only when 
tliere is reached a power of discrimination beyond that 
possessed by tlie uncultured, is there an avoidance of the 
confusion between vanishing from the range of perception, 
and vanishing out of space altogether; and until this con- 
fusion is avoided, the belief that Matter can he annihilated 
readily obtains currency. In the second place, the currency 
of this belief continues so long as there is not sucli power 
of introspection tliat it can be seen wliat }ia|)pens when 
the attempt is made to anniliilate Mattel* in tliought. But 
when, during mental evolution, the vague ideas arising in a 
iiervous stnu.'ture imperfectly organized arc replaced by 
the clear ideas arising in a definite nervous structure; this 
definite structure, moulded'hy experience into correspon- 
dence with external plienomena, makes necessary in thought 
the relations answering to absolute uniformities in things. 
Hence, among others, the conception of the Indestructi- 
bility of Matter. 

For careful self-analysis shows tliis to be a datum of 
(U)nscioiisness. Conceive tlie space before you to be cleared 
of all bodies save one. Now imagine tlie reina-ining one 
not to lie removed from its place, but to lapse into iioth- 


* I, lfUf‘W ft Iftdy who contended that a (iress folded np tij^htly, weighed more 
than when loosely folded up; and who, under tins bed ief, had her trunks made 
large fhat she might diminish the charge for freight ! Another whom I know, 
aHtft’ilH’ss the; feeling of lightm'ss which ac<.‘ompanieH vigor, to actual decrease 
of \v<*ig!d,; l>elieveK that by stepping g<'nny shci ('an press less upon the 
ground; and, when (-ross-(jiH‘sUoinMl, asserts tliat, if placed in scales, she can 
nijike h(‘rsidf lighter by an act of will ! Various [lopular notions betray like 
states of mi ml-. show, in th‘!! iiudiscipUned, such inalnlity to form ideas of 
forces and thfdr relations, or siudi randomness in thinking, or both, as inca- 
pacitates them for grasping axioms, and makes tUexn liai’hor numer- 

ous delusions respecting pliysicai actions. 
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ing while standing iu that place. You fail. The space 
wliich was solid you cannot conceive be(!OTning em{)i,y, 
save by transfer of that which made it solid. Wliat is 
termed the ultimate incompr( 3 Ssibility of Matter, is an. 
admitted law of thouglit. However snniH tlie luiik to 
wliich we conceive a piecic of matter reduced, it is im- 
possible to conceive it i*educed into nothing. While 
we can represent to ourselves the parts of tlie matter as a,|)- 
proximated, 'we cannot represent to ourselves tlie quan- 
tity of matter as nuido less. To do this would be to 
imagine some of the constituent parts conijiri^sscul into 
notliing; which is no more possible tlnin to imagine eom- 
pression of the wliole into notliing. Our inability to 
conceive Matter becoming non-existent is ini nua I lately 
consequent on the luiture of t-hougld;. ddiouglit consists 
in the establishment of ndations. ddiere can be no ridaiion 
establisiied, and therefore no thought framed, winni one 
of tlie related terms is absent from considousru'ss. Iteneo 
it is impossible to tliink of something h(‘(*oming nothing, 
for the same reason that it is impossihh^ to think of 
nothing becoming something — tlie reason, namely, that 
nothing cannot become an object of caiiisivionsness. d’lic 
anniliilation of Matter is untiiinkable for th(3 same reason 
that the creation of matter is untiiinkable. 

It must be added tliat no experimental verifnaition of 
the truth that Matter is iiulestriud/ible, is possililc without 
a tacit assiirnptiou of it. For all vsucli vin’ifii^alJon implies 
weighing, and weigliing implies tliat tlie maidm' forming 
the weigiit remains the sa-me. In othm* wanuls, tlie [rrool 
that certain matter dealt with in certain ways is unchanged 
in quantity, depends on tlie assmujition tdait other matter, 
otherwise dealt with, is unchanged in ([uantity. 

§ 54. That, however, wliich it most comaanis us luu’e to 
observe, is the nature of the perceptions by wliicii the 
permanence of Matter is p(.nq)etually illustrated to us. 
These perceptions, under all their forms, amount simply 
to tliis — that they’mYMvhich a given qmintity of matter 
exercises I'omains always the same, ddiis is thc3 proof on 
wliich cornnion sense and exact science alike rely. When, 
for example, an object known to have existed years since 
is said to exist still, liy one who yesterday saw it, Iris asser- 
tion amounts to this — tliat an objeid. vvliicli in past time 
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wrought on his consciousness a certain group of changes, 
still exists, because a like group of clianges has been again 
wrought on his consciousness: the continuance of the 2)owe/r 
thus to impress liim, he holds to prove the continuance of 
the object. Even more clearly do we see that force is our 
ultimate measure of Matter, in those cases where the shape 
of the Matter has been changed. A piece of gold given to 
an artisan to be worked into an ornament, and which when 
bronglit back appears to be less, is placed in the scales ; 
and if it balances a much smaller weight than it did in its 
roiigli state, we infer that much has been lost either in 
manipulation or by direct abstraction. Here the obvious 
postulate is, that the quantity of Matter is finally deter- 
minable by the quantity of gravitative force it mani- 
fests. And this is the kind of evidence on which Science 
bases its alleged induction that Matter is indestructible. 
Whenever a piece of substance lately visible and tangible, 
has been reduced to an invisible, intangible state, but is 
proved by the weight of the gas into which it has been 
transformed to be still existing; the assumption is that, 
though otherwise insensible to us, the amount of matter is 
the same if it still tends toward the Earth with the same 
force. Similarly, every case in wliicli the weight of an 
element ])resent in combination is inferred from the known 
weight of another element which it neutralizes, is a case 
in which tlio quantity of matter is expressed in terms of 
the quantity of chemical force it exerts; and in which this 
specific clieraical force is assumed to be the correlative of 
a specific gravitative force. 

Thus, then, by the Indestructibility of Matter, we really 
mean the indestructibility of the force with which Matter 
affects us. As we become conscious of Matter only through 
tliat resistance which it opposes to our muscular energy, 
so do we become conscious of the permanence of matter 
only tlirough the permanence of this resistance ; either as 
immediately or as mediately proved to us. And tliis triT^"*^ 
is made manifest not only by analysis of the a poderi 
cognition, but equally so by analysis of the a priori < 

* Lest he. shoiUd not have observed it, the reader must be wa^ 
tenns “o. priori truth” and “necessary truth,” as used in this w 
iiiterru’cted not in tlie old sense, as impiyiinj: coj^iiitioiiH whol 
oi’ exi.><iriences, but as implyinf? cognitions that have been re: 
by inmiense accumulations of experiences, received partly by ' 
but mainly by all ancestral individuals whose nervous systen 
On referring to the “Principles of I^sychology” (§§ 426—433), it w 
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THE CONTINUITY OF MOTION. 

§ 55, Another general truth of the same order with 
the foregoing, must here he specified. Like tlie Indcstnio 
tibility of Matter, the Continuity of Motion, or, more 
strictly, of that something which has Motion for one of its 
sensible forms, is a proposition on the truth of wliieh de- 
pends the possibility of exact Science, and thereof ore of a 
Philosophy which unifies the results of exact Science. 
Motions, visii)le and invisif)le, of nuisses and of Tnole(Uil(‘S, 
form tlie larger half of tlie pluvnoniena to l;)e rntc'rpreted ; 
and if sucli motions might either ])rocei‘(l from notlung or 
lapse into nothing, tliere could bo no scion ti lie inttirpreta- 
tion of til cm. 

This second fundamental truili, like the first, is by no 
means self-evident to iirimitive men or to the uncultured 
among ourselves. Contrariwise, to uridevelo|>ed minds the 
opposite seems self-evident. The finds that a stone tlirown 
up soon loses its ascending motion, and that after the blow 
its fall gives to the Earth, it remains quiescent, ap|uirent}y 
prove that the principle of activity'^' whicdi tlie stone mnn- 
if ested may disappear alisolii tely . Aece }) t i n g, w i I li on t 
criticism, tlie dicta of unaided perce|)tioM, to tlie ell'ei't 
that adjacent olrjccts put in motion soon rcdiirn to r(!st, ail 
men once believed, and most believe still, that mot.ion can 
pass into nothing; and ordimirily does so puss. Ihit tlm 
establishment of certain facts liaviug an o|>|)osite imiiliea.- 
tion led to inquiries which have gradually |) roved tlicse 
appearances to be illusive. The discovei’y tiiat tlie |)la.nets 
revolve round the Bun with undiminishing speed, raised 
the suspicion that a moving liody, when not interfered 
with, will go on forever without change of veIo<*ity; and 
suggested tlie question wliether liodies wliirtli lose their 
motion do not at the same time coiivrr! uni cute as inutdi 
motion to other bodies. It was a familiar fact idiat a 

the warrant alle^'ed for one of thesis irnn'erHible nltimat** eonvietsons m that, 
on the hypotli(‘HiH of EvoiutJon, it represraitH an inmieasurattSy greater ae- 
cnmulation of ex|>eriencethat can he acquired by anyMinKh* ind'ividual. 

TliroiiKhout this chapter I use tiUs phrase, not with miy iiMdaphyslcai 
meaiiiug, but merely to avoid foregone conclusiouB. 
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stone would glide further over a smooth surface, such as 
ice, presenting no small objects to which it could part 
with its motion by collision, than over a surface strewn 
witli sucli small objects; and that a projectile would travel 
a far greater (]ista,nce through a rare medium like air, than 
througli a dense medium like water. Thus the primitive 
notion that moving bodies had an inherent tendency to 
lose their motion and fniariy stop — a notion of which the 
Greeks did not get rid, but which lasted till the time of 
Galileo — began to give way. It was further shaken by 
such experiments as those of Hooke, winch proved that 
the spinning of a top continues long in proportion as it is 
prevented from communicating motion to surrounding 
matter. 

To explain specifically how modern physicists interpret 
all disappearances and diminutions of visible motion, 
wmuld require more knowledge than I possess and more 
space than I can spare.* Here it must suffice to state, 
generally, that the molar motion which disappears when a 
bell is struck by its clapper, reappears in the bell’s vibra- 
tions and in the waves of air they produce; that when a 
moving mass is stopped by coming against a mass tliat is 
immovable, the motion which docs not reappear in sound 
reappears as molecuhir motion ; and that, similarly, when 
bodies rub against one another, the motion lost by friction 
is gained in the motion of molecules. But one aspect of 
this general trutli, as it is displayed to us in the motions 
of masses, we must carefully contemplate; for otherwise 
the doctrine of the Oontinuity of Motion will be entirely 
misapprehended. 

§ 50. As expressed by Newton, the first law of motion is 
that every l)ody must persevere in its state of rest, or of 
uniform motion in a straight line, unless it ])e compelled 
to change that state by forces impressed upon it. " 

Witli tliis truth may be associated the trutli that a body 
describing a circular orbit round a centre which detains it 
by a tractive force, moves in that orbit with undiminished 
velocity. 

The first of tliese abstract truths is never realised in the 
concrete, and the second of them is but approximately 
realized. Uniform motion in a straight line implies the 
absence of a resisting medium; and it further implies the 
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absetice of forces, gravitative or other, exercised by neigh- 
boring masses: conditions never falfllled. 8o, too, th(j 
maintenance of a circular orbit by any celeslial Ixxly im- 
plies both tluit tliero are no perturbing bodies, ami tluit 
tliere is a certain exact adjustment between its velocity 
and the tractive forc'.e of its {)rima,ry: neither r(X|uirenient 
ever being conformed to. in all actiud orbii,s, sensilily 
elliptical as tlioy a, re, the velocity is sensibly \'a.ria,})le. 
And along with great eccentricity there goes grea,t varia- 
tion. 

To the case of celestial bodies wlri(di, moving in eecentric 
debits, display at one time little motion and at another 
much motion, may be joined the case of the ])endnlum, 
Witli speed now incrciisiiig and now decreasing, thc.^ |)cn- 
duliim alternates l)etween e.xtiavmes at whidi motion (xaises. 

How sliall wo so conccdvc these allied ])henoinena as to 
express righily tlie truth common to them? ddui first la.w 
of motion, nowhere literally fnllilled, is yet, in a sens(‘, 
implied by these fa,<‘ts wliieh seenn at varianc,!* witli it. 
Though in a circular orbit the direction of tluj nmfion is 
contiinially being changed, yet the velocity remains iin- 
chaiiged. Though in an elliptical orbit there is now 
acceleration and now retardation, yet the av(*i*age sliced is 
constant through successive revolutions. Tliough tlie 
pendulum comes to a momentary rest at the end of each 
swing, and then begins a reverse in<ddon, yet the oscilla,- 
tion, considered as a whole, is continnous: fi'idion a, ml 
atmosplieric resistance Inking alisent, this alternation of 
states will go on forever. 

What, then, do these cases show us in (‘(immon? ddial; 
which vision familiarizes us with in Motion, ami that 
which has thus been made tlie dominant ehnnent in our 
conception of Motion, is not the element of wliieh wc (am 
allege continuity. If we regard Motion simfily as change 
of place, then the pendulum shows ns liotli that the rale 
of this cliange may vary from instant to inst.ant, and 
ceasing at intervals, it may lie afresh initiated, 

_ But if what we may eaU the translati(>n-(tlenierit in M'o- 
tion is not continuous, wluit is continuous? If, watching 
like Galileo a swinging chandelier, wc oliserve, not its 
isochroiiisrn, but the recurring reversal of its swing, we 
are impressed witli the fact that though, at the end of 
each' swing, the translation through spacjc ceases, yet there 
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is soDietliing which does not cease; for the translation 
recommences in the opposite direction. And on remem- 
bering tliat wlien a violent push was given to the chande- 
lier it described a larger arc, and was a longer time before 
the resistance of the air destroyed its oscillations, we are 
shown that wliat continues to exist during tliese oseillations 
is some correlative of the muscular eli'ort which put the 
chandelier in motion. The truth forced on our attention 
by these facts and inferences, is tliat translation tlirovigh 
space is not itself an exigence; and that hence the cessation 
of Motion, considered simply as translation, is not the 
cessation of an existence, but is the cessation of a certain 
sif/u of an exislence — a sign occurring under certain con- 
ditions. 

Still there remains a difficulty. If tliat element in the 
cliandelier’s motion of which alone wc can allege conti- 
nuity, is tlie correlative of tlie mnscular effort wliich moved 
the chandelier, what becomes of this element at either 
extreme of the oscillation? Arrest the chandelier in the 
middle of its swing, and it gives a blow to the hand — ex- 
hibits some principle of activity such as niiiscular eff'ort 
can give. But toucli it at eitlier turning-point, and it 
displays no such |)rinciple of activity. Tliis has disap- 
peared just as much as tlie translation through space has 
disappeared. How, tlicn, can it be alleged that though 
the Motion through s])aco is not continuous, the principle 
of activity implied by the Motion is continuous? 

Unquestionably the facts show that the principle of 
activity continues to exist under some form. When not 
perceptible it must 1)0 latent. How is it latent? A clew 
to tlie answer is gained on observing that though the 
chandelier, when seized at tlie turning-point of its swing, 
gives no impact in the direction of its late movement, it 
fortliwith begins to pull in the opposite direction; and on 
observing, further, tliat its pull is great when the swing 
has been* made extensive by a violent push. Hence the 
loss of visible activity at the highest point of the upward 
motion, is accompanied by the production of an invisible 
activity whicli generates tlie subsequent motion downwards. 
To conceive this latent activity gained as an existence 
equal to the perceptible activity lost, is not easy; but we 
may help ourselves so to conceive it by considering cases of 
another class! 
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§ 57. *Whe]i one who pushes agjiinst h door tlnit lias 
stuck fast produces by grea.t elfort no motion, but oventu- 
aliy by a little greater elTort bui\sts the door open, swinging 
it bacjk against the wall and tunibling lieadlong into ilio 
room; he has evidence tliat a, can-tain niuscuhir strain 
which, did not produce translation of matter tlirougli 
space, was yet equivalent to a, can-tain amount of sucli 
translation. Again, when a railway-} )orter gradually stojis 
a detached carriage by pulling at the Inilfcr, he shows us 
that (supposing friction, etc., absent) tlie slowly dimin- 
ished motion of tlie carriage over a certain spa^ce is 1 lie 
ecjuivalent of the constant backward Btra,iii pot u|)C)n tlie 
carriage while it is travelling through tliat s])a,ce. (hirry- 
ing with us the conception thus reached, we will now 
consider a case which makes it more definite. * 

Wlien used as a ])iay thing liy lioys, a liall fastened to the 
end of a,n india-ruliber string yields a, cicair idea of tlie 
corrc"^,lation between perccjit.iiile activity and latent activity. 
If, retaining one end of the string, a lioy tlirows the Iia-ll 
from him horizontally, its motion, is rosls(;e-d liy tlie in- 
creasing strain on the string; and tlie string, stretched 
more and more as the ball recedes, presently brings it to 
rest. Where now exists the principle of activity wliich the 
moving hall displayed? It exists in tlie strained thread 
of india-rubber. Under wliat form of changed moIcHuihir 
state it exists we need not ask. It snfliees that thci string 
is the soa;fc of a tension generated liy tlie motion of tlic ball, 
and oquivarlent to it. When the haJl lias l)e(,ui arrcisted, 
the stret(3hed string begins to genera, te in it an ojiposite 
motion; and continues to aeeelerato that mofaon iinf.il the 
ball comes back to the point at whieli the sire telling of the 
string commenced — a point at wiiie,h, liut for loss by at- 
mospheric resistance and molecular redistrilmtiou, i ts 
velocity would bo equal to the original velmaty. Here tlie 
trutli that tlie princijdo of activity, all-crnating between 
visible and invisible modes, <loes not <‘cast^ to exisf; wlimi 
tlie translaiviou throngli spa,(3o ceases to cixist, is rcanlily 
Gornprehonsililc; and it becomes t^asy to umlc*rsta.nd the 
corollary that at each point in the path of the ball the 
quantity of its perceptilile activity, phs- (.he quauHtw 
wldcli is latent in the stretclied string, yield a <jonstaufc 
sum. 

Aided by tins illustration we can, in a general way, con* 
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ceive what happens between bodies connected with one 
another, not by a stretched string, but by a traction exer- 
cised through what seems einpty space. It matters not to 
oiir general conception that tlie intensity of this traction 
varies in a totally different manner: decreasing as the 
square of the distance increases, but being practically con- 
stant for terrestrial distances. These differences being 
recognized, there is nevertheless to be recognized a truth 
common to both cases. The weight of something held in 
the hand shows tliat there exists between one body in space 
and anotlier, a strain: this downward pull, ascribed to 
gravity, affects the liand as it iniglit be affected by a 
stretched elastic string. Hence, when a body projected 
upward, and gradually retarded by gravity, finally stops, 
we must regard the principle of activity manifested during 
its upward motion, but disappearing at its turning-point, 
as having become latent in the strain between it and the 
Earth — a strain of which the quantity is to be conceived as 
the product of its intensity and the distance through 
which it acts. Carrying a step further our illustration of 
the stretched string, will elucidate this. To simnlato the 
action of gravity at terrestrial distances, let ns imagine 
that wlien tlie attached movijig body lias stretebed the 
elastic string to its limit, say at tbc distance of ten feet, 
a second like string could instantly be tied to the end of 
the first and to tlie body, wtiicb, continuing its course, 
stretched this second string to an equal length, and so on 
with a succession of such strings, till the body was arrested. 
Then, manifestly, the quantity of the principle of activity 
wliich the moving body had displayed, but which has now 
become latent in the series of stretched strings, is meas- 
ured by the number of such strings similarly stretched— 
the number of feet through which this constant strain has 
been encountered, mid over which it still ext&nds. Now 
tbougii we cannot conceive the tractive force of gravity to 
be exercised in a like way — though the gravitative action, 
utterly unknown in nature, is probably a resultant of 
actions pervading the ethereal medium ; yet the above 
analogy suggests the belief that the principle of activity 
in a moving body arrested by gravity has not ceased to 
exist, but has become so muqh imperceptible or latent 
activity in the medium occupying space, and that when 
the body falls, this is re-transformed into its equivalent of 
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perceptible activity. If we conceive the process at all, we 
must conceive it tliiis: otherwise, we liav{3 to conceive tlnit 

power is cljangod into a qoace-relailon., and tins is iin-on- 
ceivable. 

Here, then, is the solution of the difficulty. ''Jlie s|)ace- 
element of Motion is not in itself a thing. ( Mningc! of 
position is not an existence, but the rnanifestation of an 
existence. This existence may cease to dis})lay itself <as 
translation; but it can do so only l>y displaying its(‘lf as 
strain. And tins princi])le of activity, now shown 1)y 
translation, now l)y strain, and often by th(‘. two iogcitlier, 
is alone that wliicli in Motion we can call coiitinuous. 

§ f)8. Wlnxt is this principle of activity? Vision gives 
ns no idea of it. If by a mirror we (*.ast tlie Iniagi^ of an 
illuminated, object on to a dark wall, and tlnm suddiudy 
changing the attitude of tlie mirror, make tlu*, refkuded 
image pass from side to side*., the image, if recognized as 
sucli, docs not raise the tliouglit tliat thei’c is |)rcscnti in it 
a principle of activity, llefore we c.an coma'ive tlu^ pres- 
ence of tills, we must regard tlie iinprcssion yi(‘ldcd through 
our eyes as symbolizing somotliing tangiidc— s(>ni(‘thiiig 
which offers resistance. Hence the princn|)le of activity, 
as known by sight, is inferential: visilile transhition sug- 
gests by association the presence of a jn'inciple of activity 
which would bo appreciable by our skin and mus(*lcsdid 
we lay hold of the body. Evidently, then, this |)rincij>Ie 
of activity whicli Motion sliows us is tlie olijcctivs^ correl- 
ative of our subjective sense of effort. P>y pushing and, 
pulling we get feelings whicli, gmun-aliziMl and ahstructed, 
yield our ideas of resistaaice and tension. Now displayctl 
by changing position and now by uiichangi ng strain, tins 
principle of activity is ultima, tely conceived l>y us und(!r 
tlie single form of its equivalent muscular (dTort. So tlnit 
the continuity of Motion, as well as the indcstructilnlity 
of Matter, is really known to us in terms of h'orce. 

§ 59. And now we reach the essential truth to be hc*r 0 
espocialiy noted. All jiroofe of the (jontinuity of .Motion 
involve tlie |)ostiilate tliat the quantity of force is constant. 
Observe wliat results when we analyzcy the rensoningB by 
which the Continuity of Motion, as here understood, is 
showiL 
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A particular planet can bo identified onl}’' by its constant 
power to affect our visual organs in a special way. Fur- 
ther, such planet has not been sem to move by the astro- 
noniical observer; but its motion is ih’om a com- 

parison of its present position Avith the' position it before 
occupied. If rigorously examined, this comparison proves 
to be a comparison betAveen the ditferent impressions pro- 
duced on him by the ditferent adjustments of his observ- 
ing instruments. And, manifestly, the validity of all the 
inferences drawn from these likenesses and unlikenesses 
depends on the truth of the assumption that these masses 
of matter, celestial and tej*restrial, Avill continue to affect 
liis senses in exactly the same Avays under the same condi- 
tions; and that no changes in their poAvers of affecting 
him can liave arisen Avithout force having been expended 
in Avorking those changes. Going a step further back, it 
turns out that dilference in the adjustment of his observ- 
ing instrument, and by implication in the planet, is 
meaningless until shown to correspond with a certain cal- 
culated position which the planet must occupy, supposing 
that no motion has been lost. And if, finally, Ave examine 
the implied calculation, Ave find that it takes into account 
tliose a.c(;clerations ami retardations Avhich cllipticity of 
tlic orbit involves, as well as those variations of velocity 
caused by adjacent ])lanots — Ave find, that is, that the mo- 
tion is concluded to be indestructible not from the uniform 
velocity of the planet, but from the constant quantity of 
motion exhibited Avhen allowance is made for tlie motion 
conimunicated to, or received from, other celestial bodies. 
And when Ave ask hoAv this communicated motion is esti- 
mated, Ave discover tliat the estimate is based on certain 
laAVS of force ; wliich hiAvs, one and all, embody tlie postu- 
late that force cannot be destroyed. Without the axiom 
that action and reaction are equal and opposite, astron- 
omy could not make its exact predictions. 

Similarly Avith the a priori conclusion that Motion is 
continuous. That which defies suppression in thought, is 
really the force which the motion indicates. We can imag- 
ine retardation to result from the action of external bodies. 
But to imagine tliis, is not possible Avithout imagining ab- 
straction of the force implied by the motion. W e are obliged 
to conceive tlvis force as impressed in the shape of reaction 
on the bodies that cause the arrest. And the motion com- 
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municated to tliem, we are compelled to rc3gard, not as 
directly communicated, but as a product of tlie comimoii- 
cated force. We can mentally diminish tlie velocity or 
space-element of motion, by ditTusing the inonientrim or 
force-element over a larger mass of matter; but tlie (juan- 
tity of this force-element, wliicli we i’ega,rd as tlie cause of 
the motion, is nnchangeable in thought/^’ 


CHAPTER VI. 


THE PEUSISTEKCE OF FOKCK.f 

§ GO. In the foregoing two cliapters, rnaifestations of 
force of two fuiulamentally-dilTerent (classes ]iav(3 Inavri dealt 
with — tlie force by wliieh matter demonstrates itsidf to us 
as existing, and tlie force by whicli it demonstrates itself 
to us as acting. 

Body is distingiiishablo from space by its powm’ of filTect- 
ing our senses, and, in the last resort, by its ojiposition to 
our efforts. We can conceive of bo(ly only l)y jiiining in 
tliouglit extension and resistance: take awfiy resistance, 

* It is to state that this exposition difters in its point of vUnv from 

the expositions ordinarily jxiven; and that some of tlie words (*inplo.y<*,(i, Kueh 
m have somewhat larger implications. iTnal)l<^ to learn an.ythin|^ 

about the nature of Force, physicists have, of late ycMirs, formulated ulti- 
mate physical trutlis in such ways as often tacitly to excludi* t in's (eui.s(‘ious* 
ness of Force: conceiving cause, as Hume pro i>osed, in terms of nnt(‘(M*denc(» 
and Sijqucnco f)nly. “JVjtential iuiergy,” H>r cxjimidii, is detined as eonsti - 
tuted by such relations in space as p<‘rmit mass(^s to gtan'raU^ in one amdheif 
certain motions, but as Ixdng in itself mdhing. While tins mod(‘ of cote 
ceiving the pliencaiuuia siiffhics f()r }>bysi<ral imiuiries, it <lo(‘s not sultiee for 
the purposes of philosophy. After referring to (lie “ Primefjlcs of Itsyidiob 
of?y/' tn7—.T»0, the reader will imdorstaiul what I nu^an l>y s.a.viiig (hatsiueei 
our ideas of llody, Space, Mol.i<»n, an^ it'ilvc i from our ideas of miiHi'ular 
tension, which are the ultimate symliols into which all our otlier mental 
symbols ans inter pretable, to fornnilaU^ liheuomcua in th(‘ proximato terms of 
Body, Space, Motion, while dischai'ging from thcs coru^epLs tiie lamsciouHm'HS 
of Force, is to acknowledge the superstructure while ignoring thf* foundat ion. 

t Some explanation of this title seems ru^edful. In tlie ittxt ilsidf nr<^ idvfUi 
tlie reasons for using the word “force” insb‘ad of tlie word “(niorgy and 
here I must say wliy I think “persistence” pnd’erabhs to “consorvalioti,” 
Some two years ago (this was written in IHtVl) I expri^ssed to my friend 
Professor ITnxley rny dissatisfaction 'with tho (tlum) current <‘Xj>rV‘.*;sion- • 
“Cioiuservation of Force;” asHlgniug as reasons, first, that (he word “eon* 
servation” implies a conserver and an a<‘t of (-on.serving; and, second, that it 
docs not imjily the existence of the, force, btd’on^ the part.icular n»anif<‘Mt;ation 
of it which is contemplated. And I may now add, as a further fault, the 
tacit assumption that, without some act of conservation, force would dis- 
appear. All the.se implications are at variance with thc! conctqition to be 
conveyed. In place or “conservation” Prof. Huxley suggftst(‘d permuUm.ee. 
This meets most of the objections, and though it may urged against it 
that it does not directly imply pre-exi.stence of tlie force at any time omni- 
festecl, yet no other word less faulty in this rcspind. can b(^ fouml. In the 
absence of a word specially coined for the purpose, it seems tlie best : and as 
such I adopt it. 
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and there remains only vspace. In what w^ay this force 
•which produces space-occupancy is conditioned we do not 
know. The mode of force which is revealed to us only by 
opposition to our own powders, may be in essence the same 
with the mode of force which reveals itself by the changes 
it initiates in our consciousness. That tlie space a body 
occupies is iji part determined by the degree of that activ- 
ity possessed ]:)y its molecules which we call heat, ivS a 
larniliar truth. Moreover, w^e know tliat such molecular 
le-arrangement as occurs in the change of water into ice, 
ig accompanied by an evolution of force wliich may burst 
the containing vessel and give motion to the fragments. 
Nevertlieless, the forms of our experience oblige us to divS- 
tinguisli between two modes of force; tlie one not a worker 
of cliange and the other a worker of change, actual or 
potential. The iirst of these — tlie space-occuj)ying kind 
of force — has no specific name. 

For tlie second kind of force, distinguishable as that by 
wliich cliange is eitlicr being caused or will be caused if 
counterbalancing forces are overcome, the specific name 
now accepted is “Energy.” Tliat winch in tlie last chap- 
ter was spoken of as perceptilile activity, is called by })hys- 
icists, “ aetuai energy and that wliicli was called latent 
activity, is called “ jiotential energy.” While including 
tlie mode of activity sliown in moiar motion, Energy in- 
cludes also the several modes of activity into which molar 
motion is transformable— heat, light, etc. It is the com- 
mon name for the power shown alike in the movements 
of masses and in tlie movements of molecules. Tq our 
perceptions this second kind of force differs from the first 
kind as being not intrinsic but extrinsic. 

In aggregated matter as presented to sight and touch, 
this anti thesis is, as above implied, much obscured. Es- 
peiually in a coinpound substance, botli the potential energy 
locked up in tlie (dieinically-cfirnbined molecules, and the 
actual energy made perceptible to us as heat, complicate 
tlie manifestatioiiB of intrinsic force liy the manifestation^ 
of extrinsic force. But the antithesis here partially 
den, is clearly seen on reducing tlic data to their lo 
terms — a niiit of matter, or atom, and its motion, 
force by wdiich it exists w pasKive dtit m(l£pen(k^^^^ 
the force by which it moves is aciive but ilepmidmit 
past and present relations to other atoms. These two can- 
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not be identified in our thoughts. For as it is inipossiljle 
to think of motion without sonietliiug tluit moves; so it is 
impossible to think of energy without sonietliiug possessing 
the energy. 

While recognizing this fundumental distinelion, lieiwtHm 
that inlrlnsw force by wliicli body inanifcssts itself as occu- 
pying sjiace, and that extrinsic force ilistinguished a^s 
energy, I liere trca,t of tliem togetlier as lieing alikt*. pcn- 
sistenfc. And I tliiis treat of tliem togidJier |)artly for tlie 
reason tinit, in our conscioiisiiess of them, there, is tin* same 
essential element, ddic sense of elTort is oiir sulijetdWe 
symbol for objective force in gimeral, pansivi^ aial act.ivic 
Power of neutralizing that wliich wo know as onr o\r:n 
muscular strain, is the ultima, to element in our idcai of liody 
as distingnislied from spa, (ay a.nd any energy wliich we (aiii 
give to body, or receive from it, is thought of as e(|ual to 
a (3ertain amount of muscular stra,in. d'ho two conscious- 
nesses diifer essentially in this, that the fc<yiing of elTort 
cornmon to tlie two is in the ]a,st cas(^ jcinci’l with con- 
sciousness of cliange of jiosition, ])nt in tlie lirsf caxii is nor.*^' 

There is, however, a further and more important, reason 
for here dealing witli tlie truth tliat Idyree undiu’ ea<di of 
these .forms persists. We luive to c.xamiMe its warrant. 

§ Gl. At the risk of trying the rcuider’s patieiuag we 
must reconsider the reasoning through whieh the inde- 
structibility of Muitter and the continuity of Motion are 
estalilisliod, that we may see liow impossihhx it is (,o arrive 
by parallel roa, solving a,t the Persistenee of l^’orce. 

In a, 11 three cas(*s the ('juestion is one of (pianiity: does 
the Matter, or Motion, or i^'orco, ever diminish in ({iiantity V 
Quantitative science im[)lics nieasurement; a.nd nuvisufo 
ment implies a unit of measure, d’ho units of imeasure 


* 111 respect; to the fimclarnentMl (Uslinclimi Iiere maUf^ (In* mkuh'. 

occiipyinj:? kind of fortje, and Uie kinti of iorcf* sluuvn by v ijV.us inodtH df 
activity, 1 am, as in Uio last eliaptm*, a.t i.ssue with noiik' <»!' my sci.cit ilic 
Iriends. Ihey <lo not# tuhnifc that the crniception of fot'ce is iiiv(»l\ i*il iu tiio 
conception of a unit of matter. From th(‘ psycholoj-^icnl point. it\' view how^ 
ever, Matter, in all its |iropeH.H‘s, is t.ho imldiown ennse of Mi<. 'unisfit imis it, 
produces in us; of which the mn** wliiirh n‘ma,inH when nil tlic others ar«‘ ali- 
sent, IS rewistancfMif onr (dr^nVs.- a n‘sistan<‘c w«‘ are oblic’od to NvmlHhi/,e as 
tli»‘ e<(iiivalt*nt ol; mustmlar forcf', It. opposes, in iiuaciniag a nuit of 
nastU'r we may not i.e;nore this symhol, l»y which alone a. unit of matter etm 
J)e fi-Mitvd in lhon;,dit as a,n existeiure. it is not a,Ilowa.ble to speak as tlioUHij; 
then' rema,me(l a coneeptioii of an existenct^. when that eoneept ioti has heeti 
m'isc<n-a.t(‘d...-..deprived of tha (dement of thonj-ht hy which it, is distim.p}iHhed 
Jrom (mip(#y space. Divest tluMainceived unit of matter of the ta»r« 

relate t;o our .subjective sense of eltort, and the entire fabric of physical con- 
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from wliicli all otliers of any exactness are derived., are 
units of linear extension. Olir units of linear extension 
are the lengths of masses of matter, or the spaces between 
marks made oil the nn and wo assume these lengths, 
or tliese spaces between marks, to remain unchanged while 
tlio temperature is nnclianged. Prom the standard meas- 
ure preserved at AVestminster, are derived tlio measures for 
trigoiiornetrical surveys, for geodesy, the measurement of 
terrestrial arcs, and the calculations of astronomical dis- 
tances, dimensions, etc., and tlierefore for Astronomy at 
largo. Were those units of length, original and derived, 
irregiihu’ly va,rial)]c, there could ))0 no celestial dynamics; 
nor'any oi; tliat verification yielded l)y it of the constaiicy 
of the celestial masses or of their ciiergles. Hence, per- 
sistence of tlie space-occupying species of force cannot bo 
proved; for tlie reason tliat it is ta(,ntly assumed in every 
experiment or observation by which it is proposed to prove 
it. The like holds of tlie force distinguished as energy. 
Tlio endeavor to ostahlish tins by nieasn remen t, takes for 
granted hotli tlio persistence of tlio intrinsic force hy wliicli 
body manifests itself as existing and tlie persistence of the 
extrinsic force hy which bodyhicts. For it is from these 
Cf|iial units oi linear extension, through the medium of 
tlio erpial-as'ined le\'er or shades, that wo derive oiir equal 
units of weight, or gravitativo force ; and only liy means 
of tliesc ca,n wo make those quantitative comparisons by 
wliicli the trutlis of exact seienco are reached. Througli- 
oiit the investigations leading t.lio chemist to the conclusion 
tluit of tlio carlion whicli has disappeared during combus- 
tion, no {jortion has been lost, wliat is Ins repeatedly 
assignctl ])roo:f‘? 'Tliat aifordod liy tlio scales. In what 
terms is the verdi(;t of the si^ales given? In grains-— in 
units of ivcvight— in units of gravitativo force. And what 
is tlie total content of tlie verdict? '^riiat as rnany units 
of gravitativo force as tlie carbon exliilhted at first, it ex- 
liilril.s still. ';i'lie validity of the inference, tjien, depends 
entirely upon Uie (midancy of the nnils of force, IE the 
force with, wliiiili the portion of metal called a grain- 
weiglit, tends toward tlie Earth, lias varied, tlie inference 
that matter is iadestriictible is vicious. Everytliing turns 
on the trutli of tlie assumption that tlie gravitation of the 
weights is persistent; and of this no proof is assigned, or 
can be assigned. In the reasonings of the astronomer 
11 
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there is ti like implicjitioM; from whicli may <iraw the 
like conclusion. No problem in celeskial physics can he 
solved without the assumption of scnrie iiiiit; fore TIuh 
unit need not be, lilce a. poinid or a ton, oiu’ of winch v;e 
can take direct cognizance, ,lt is rcHiuisite (»nly that tln‘ 
inntnal attra(*.tion wliic^Ii some two of ilic laalit'S c()iicern«il 
exercise at a given distance, should hi*, taken as one; so 
that the other attractions Math which, (lie jnaililcrn deals 
maybe expressed in terms of this one. Hncb unit being 
assumed, tlic .motions whic'h tlie res]:)cctivc‘ masses will goon 
crate in eacli other in a given time are calcalafcd ; ar d 
ca:)rnpou]n]ing tlutse witli ihc iiiotioHs tiny alrrady l}a\«\ 
their places at the einl ()r that time arc,* jnoolieiccL I'lic 
predi(d;ion is v{n-i(ie<l by ol>scrvati(m. h’roin tins, citlicr 
of two inferences may be- drawn. Assuming tlic masses to 
bo unehanged, tb(‘ir energies, aetinil and [Hifcnlial, imiv 
bo proved to bo umlimiinsbed ; or assuming their eiiergm-s 
to be undiniinislied, tln^ masses may be. jirovrd nnelninged. 
But the validity of one or ot.lna* inrorone(‘ dipeml swhollv 
on the t/nith of tln^ assuinjdion that the unit of foret^ is 
imehangod. Let it be supposeil that tin* gi'avitat i<»n of 
the two bodies toward each otlnn* at ilie given distance 
Inis varied, and tlio conelusic)ns drawn arc m> longm* ta-ue. 
Nor is it only in their concrete data ilnd. tJie rcaisonings of 
terrestrial and coiestial physi(,\s assunnv tlm l\n\sist(*not‘ of 
Force. The equality of action and reaction is taieen for 
granted froin beginning to end of r‘itlH‘r argument ; and 
to assort that action and namtion an.‘ erpial a, mi oppoaitig 
is to assoi't that ]b>rco is jversistent. ^bln? allegat i<»n rtMtlly 
amounts to tliis, tliat there (‘annot Ixt an i.-olaiod fdU’C’c 
beginning and ending in nothing; but that any fon’C 
manitosted, implies an eqna.] anb'eedent foroo from which 
it is derived, and against which it is a rcootioii. 

Wo miglit indeed be certain, even in the a.l>.nmef‘ of any 
such analysis as tlic forcgoirig, that thore must exist sfmie 
principle which, a>s })eing tlte basis of soJmioe, oanmu lie 
cstablislicd by scimu'c. All reasoned-out ooncbisions what- 
ever iTinst rest on some posiulatt*. As bcrforc shown qu), 
we cannot go on merging derivative truths in those u ider 
and wider irnths from xvhieh they are dmived, wiflioiii 
reaiiiing at last a vyidcst trutli wliieli can be mmggal in no 
otlier, or derived from ho other. And wlii,H'ver cmitem- 
plates the relation in which it stands to iiie o,f 
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science in general, will tliat tliis trntli transcending 
deincnisiraiien is the Persistence of Force. 


§ (*c3. But now wlnit is tlie force of which we predicate 
pcrsisicncc? It is not the force wo are iniiiiediately con- 
sc/ions of in onr own ninscular etforts; for tliis does not 
|x:n*sist. As soon as a,n outstretched limb is relaxed, the 
scns(M}f tensi()ri (lisa.pjX;a^^^ True, we assert that in the 
stone thrown, or in tln^ weiglit lifted, is exhibited the 
eiTcct of this irniscular teiisioii; and that the force which 
has ceased to l)e jii’t^scnt in onr consciousness exists else- 
wlicrc. But it. docs not exist elsoAvhere under any form 
cogni/.abli^ l>y ns. In ^ 18 we saw that though, on raising 
anohjc.ct from the ground, we arc obliged to think of its 
downward pull as (Xjual .nid opposite to our upward pull; 
and though it is iin|)ossihlo to represent these as equal 
without representing tlicni as like in kind; yet, since their 
likeness in kind would imply in the object a sensation of 
inuscnhir tinision, wliich cannot be ascribed to it, we are 
C(>mp(Ptsl t o admit tliat for(‘.e as it exists out of our con- 
wa'onsiH'ss is not force as wo know it. Hence tlie force of 
which wc jisscrt ])crsistcnce is tliat Absolute Force of which 
we are indiHinil.ely conscious, as tlie muiessary correlate of 
the forcci wc know. By the Persistence of Force, we really 
mean the ptirsistcmcc of some Cause whicii transcends our 
kiiowlcdgo a.n<i (‘onccjition. In asserting it we assert an 
l]riconditi()iu'.(] Pcality, without beginning or end. 

'‘Flius, miexpectedly, we come down once more to 

that nlihnate truth, in which, as we saw, Keligion and Sci- 
ene.e (coalesce. On (‘xarnining the data underlying a rational 
d'heory of ddiings, we find them all at last resolvable into 
tliat tl'atnm without wliich consciousness was shown to be 
ii!i|)(»ssiblo — the confimicd existence of an Unknowable as 
iho ncfaissiiry corr<‘laiavo of the Knowable. 

d'lic sole Irut.h whicli transcends experience by underly- 
ing it, is thus tlie Persistence of Force. This ^ being the 
lia’siH of experience, must be the basis of any scientific 
(irgiiiui^ation of exjiorionces. To this an ultimate analysis 
hr i rigs us down; and on this a rational synthesis must 
build up. 


CHAPTl^R VIL 


THE PERSISTEJlTOE OF .RELATIONS AMONG FORGES. 

§ 63. The first dednction to bo draw]i from tlH5 nil iimdi' 
universal truth that force ])ersists, is that tlie rtfiotiuns 
among forces persist. Supposing a given iiiaiiifi^stat ioii ol 
force, under a given form and given (*onditions, l>e 
preceded by or succeeded by some other nRinifi'sf.Mf ion, it 
must, ill ali cases whore the form and conditions an* tln^ 
saine, be preceded by or succeeded l)y sindi oiJier nninifo'" 
tation. Every antecedent mode of ilui Ibiknowalih* nnist 
have an invariable connection, (|ua,ntitat iv(^ and (|ualitar 
tive, with that mode of the lJnknovvai)l(^ whicii we <*all its 
consequent. 

For to say otherwise is to deny the p(*rsistenc(^ of frrrrM*. 
If in any two cases there is exact likeness not, only la*! wi'cn 
those most conspicuous antecedents which we dislingnish 
as the causes, but also between tliose ancom|)a,nying ante- 
cedents whieli wo call tlie condit.ions, wc^ cannot albrm 
that the effects will differ, williout anirming eitht*r tliat 
some force Inis come into existence or ilnii some, force has 
ceased to exist. If the codporative forces in tJa^ one (*a>‘e 
are equal to tliose in the other, each to eaeli, in distriltn- 
tion and amount; then it is impossible to eone(*ivc lio* 
product of their joint anti on in the one eas(^ as n id ike tliat 
in the other, witliout conceiving one or more of tin* fcrc‘s 
to have increased or diminished in quantity; and this is 
conceiving that force is not persistent. 

To impress the trutli Iierti eniineiated under its most 
abstract form, some illustrations will lie dcsiraJde. 

§ 64. Let two equal bullets lie ))roj<i(*ted wifb e(|nal 
forces; then, in equal times, e(|ual distain'es must be. trav- 
elled by them. The assertion that one of tliem will 
describe an assigned space sooner than the otlimq f liongh 
their initial momenta were alike and tliey !ia.ve iH^en cqiiuliy 
resisted (for if they are uncKjually resisted the anieeeilmits 
differ) is an assertion that e(j[ind <|iiantities of force haves 
not done equal amounts of work; and this caiinot be 
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thoiiglit without tliinking thut some force has disappeared 
into uotliiug or arisen out of nothing. Assume, furtlier, 
tliat during its ilight, one of them lias been drawn by the 
Eartli a certain number of inciies out of its original lino of 
inovenient; then tlie otlier, wliicvli lias moved tlie same 
distanco in tlie same time, must have faJIen just as far 
towa,rd the Earth. No otlier result can be imagined witli- 
out imagining that equal attractions actiiyg for ef|ual 
times, luwe produced unecjual cifects; wliicli involves tlie 
iucoii(!eivji.l)le proj>osition that vSome action lias lieen created 
or annihilatod. Again, one of the Imllcts liaving pene- 
trated tlie target to a certain deptli, jienetration by tlio 
other bullet to a smaller deptli, unless caused by ahereil 
sliape of the bullet or greater local density in tlie target, 
cannot be mentally represented. Such a rnodifuiation of 
the consequents without inodification of the antecedents, 
is til i likable only tlirougli tlie impossililo thought that 
something has become notliing or no tiling has become 
sometbing. 

It is thus not with sequences only, but also witli simul- 
taneous clianges end permaiieut co- existences. Given 
cliarges of iiowder alike in qiuintity and (pmlit.y, lired 
from 1)arr(‘ls of the siuno structure, and jirojielliug Imllcts 
of equal wiuglit, size's, a,ud forms, similarly rammed down; 
and it is a M(tc(\ssary inferem^e tliat tlu^ ciiinanuitaiit actions 
whicli make up the explosion will liear to one another 
like r(‘.]afb>ii of fjuantil^y and <(uality in the two cases. The 
projioriioMS aiuoug tlie didcreut products of combustion 
will lie eijual. triie several amounts of force taken U]) in 
giving luoiiKvuium to tlie bullet, beat to the gases, and 
sourui on their escapeq will ])reservo the same ra,tios. The 
(juanlft.ics of light and smoke in tlie one case will be wliat 
tlioy are in the other; and the two recoils will be alike. 
Eor no diilerence of proportion, or no diiTerence of rela- 
tion, among th(*se fumcurrent phenornena (tan be imagined 
as arising, withouidmagining sncli diflctreiKte of ;})ro|)ortion 
or riilaf-ion as arising umtausod — as arising by the ctreation <)r 
annihilation of force. 

wliicli here liolds between two eases must liold 
aiiumg any numlier of eas(;*s; and that wbicli liero bolds 
lietwi'cn antecedents and conse(|uent.s tliat arc compara- 
tively simjile, must bold hoAvevm* involved tlie antecedoiits 
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§ G5. Thus what we call inri forrnity of law, resolvahle 
as we find it into the persistence of rehitions atn 011,4 forces, 
is an. innnediate corollary fi*oni tlio |)crsisten(;e of force. 
The general conclusion tliat there exist consi.aiiit (aninec- 
tions among phenoinena, ordinarily regardtal a.s an induc- 
tive (conclusion only, is really a coiHclusion (ledueible from 
the nltimate da, turn of (consciousmxss. 'rhoiigli, in saying 
this, we seem to be illegitimately inferring that what is 
true of tlie er/o is also true of tlie non-egd; yet lierci this 
i:nferenc(3 is legitimate. For that whitdi we tlrus fii’edicate 
as holding in common of effo a,nd non-f^r/o, is tliat wiiich 
they have in common as being botli existenccNS. ^I’he asser- 
tion of an existence hc^yoiul consccionsness, is itself an 
aiSsertion that tliere is something Ixyond (•()iiscin(is.n( 3 ss 
which persists; for persistence is notliiiig more ilia 11 con- 
tinued existence, and existence (‘armot be l,]iougbt of as 
other tlian contiiuKHl. And we (uinnot a.ss<a t p(3rsistence 
of tliis something Ixyond conscionsm^ss, without assert- 
ing that the relations among its manifestations a, re [per- 
sistent. 

Tliat uniformity of law tlms follows imndialily from 
the persistence of force, will become more and moin ('lea,r 
as we advance. Tlie next chapter will iudirtjctly BU|)ply 
abundant illustrations of it. 


CHAPTER Yin. 

THE TRAKSFORHATIONT AND EQUI V A U<:N(U': OF I'ORCKS. 

§ 66. When, to tlie unaided sens{3s,S(a(.auai {)( 3 ,gan to add 
supplementary senses in the sliapc of nuaisuring instru- 
ments, men began to perceive va,rious i/lupnoimaia which 
eyes and lingers could not distinguish. Of known forms 
of forc(3, minuter manilestations bec.ame a|)j>reciahl«g and 
lorms of force lielore unknown W(3rc rmidercal cogni> 5 fil)le 
and measurable. Where forctes had ai>parcntly (aided in 
nothing, and had been carelessly supiiosed to * havti a.etu- 
ally done so, instrumental observation provial that (dfects 
liad in every instance Iieen jirodiuxRl : the ioreea reap|>ear- 
ing in new shapes. Hence there lias at Itaigth arisen tlie 
inquiry whether the force displayed in eacii surrounding 
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change does not in the act of expenditure undergo meta- 
morphosis into an equivalent amount of some other force 
or forces. And to this inquiry experiment is giving an 
affirmative answer, which becomes daily more decisive. 
Meyer, Joule, Grove and Helmholtz are more than any 
otliers to be credited with tlie clear enunciation of this 
doctrine. Let us glance at the evidence on which it rests. 

' Motion, wherever we can directly trace its genesis, we 
find to pre-exist as some other mode of force. Our own 
voluntary acts have always certain sensations of muscular 
tension as their antecedents. When, as in letting fall a 
relaxed limb, we are conscious of a bodily movement re- 
quiring no effort, the explanation is that the effort was 
exerted in raising the limb to the position whence it fell. 
In this case, as in the case of an inanimate body descending 
to the Earth, the force accumulated by the downward mo- 
tion is just equal to the force pi'eviously expended in the 
act of elevation. Conversely, Motion that is' arrested 
produces, under different circumstances, heat, electricity, 
magnetism, light. From the warming of the hands by 
rubbing them together, up to the ignition of a railway- 
brake by intense friction — from the lighting of detonating 
powder by percussion, up to the setting on fire a block of 
wood by a few blows from a steam-hammer; we have abun- 
dant instances in which heat arises as Motion ceases. It 
is uniformly found that the heat generated is great in 
proportion as the Motion lost is great; and that to dimin- 
isli the arrest of Motion, by diminishing the friction, is 
to diminish the quantity of heat evolved. The produc- 
tion of electricity by Motion is illustrated equally in the 
boy’s experiment with rubbed sealing-wax, in the common 
electrical macliine, and in the apparatus for exciting elec- 
tricity by the escape of steam. Wherever there is friction 
between heterogeneous bodies, electrical disturbance is one 
of the consequences. Magnetism may result from Motion 
eitlmr immediately, as tbrough percussion on iron, or me- 
diately as tlirough electric currents previously generated 
l)y Motion. And similarly. Motion may create light; 
eitlier directly, as in tlie minute incandescent fragments 
siauick oil by violent collisions, or indirectly, as through 
the electric spark. “ Ijustly, Motion may be again repro- 
duced by tlie forces wliich have emanated from Motion; 
thus, the divergence of the electrometer, the revolution of 
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the electric wheel, the deflection of the magnetic needle, 
are, when resulting from frictional elecdric'ity, palpable 
movements reproduced by tiie interinefliaie nodes of force 
whicli have themselves been originatod by motion/’ 

Tliat mode of force whicli we tlistinguish as Heal, is now 
generally rega.rded liy physicisl>s as moletadar motion — not 
motion as displaycMl in tlu'. (diaJigiMl relalions of smisilile 
niasscB io ea.cli otlicr, but as occurring among tiicj units of 
wliicli such sensible massc'S consist. If we cuaisc io tlrink 
of Ibait as that parHeular sensation given i.o ns by bodies 
in certa,in Cfmditions, and consider iht^ plicianiu'na. <‘tlicr- 
wiao presented by these bodices, we iiml tliat niolimu (diher 
in tbenu'ir in surr<)nnding iiodies, or in i>o(b, is all tliat 
we have evidenee of. Witli one or two oxo(*|tions wbi( ]i 
are obstaxdes to every tlieory of Heat, Inaiti'd bodi«'S ex})a.n(l ; 
and expa.Msion can lie iiibvrpntiMi <mly as a movomimt of 
tlio units of a. mass in ntation to carh oi her. d'lint so- 
call(‘d radiation tln*migli which anything' of high or Icm- 
perature than things around it oommn n io;ih*s Heat to 
them, is clea,rly a. sp(‘oi(*s of motion. Mor<*n\or, 1 lie <‘vi™ 
den(‘.e alTor(le<l by the tlimmiomolcr tinit Hoat thus dilTiisos 
itself, is simply a inovmncnt caused in Hie mcrourial col- 
umn. And that the moleeular motion wliiob wo oall Hoat 
may be transformed into visilhi motion, huniliar proof is 
given by the steam-engine; in whioli “ tbo piston and all 
its coneoinitaMt imisses of matbvr nrv. moved by the mohu*.- 
ular dilatatton of the vafior of wator.” Whm'c Ht*al. is 
absorbed without ajipa, rent result., modinm impnrir-s show 
that deoided ihougli unobiriisi vci (h;i;iigos ai'o prodimod: as 
on glass, the mol(M*nla,r sta,t<^ of wlnoh is so far ohangiMl by 
h(3at, tliat a polarized ray of light passing^ ihrougli it be- 
comes visiiile, wliidi it <lo(‘S not do when the glass is cold; 
or as on j)olisbc<l metallic surfuci's, wliloli arc : o far f'iuuigyd 
in structure by tliermai laidiations from objiags vv'ig close 
to them, as to retain pmananent impn/ssions of snob ole 
jects. dhe transformalhm of Ifcal. into olcolihnly ocours 
when dissirniiaw metals ioindilng each (dbor an* iioatcd at 
the point of (umtaot: eleetrii! ('urnmts boing .o imlmKai, 
Soli<l, imannbiistible rnatba- intrudnood iuh, lioaloii gas, 
as lime inl-o (lie oxv-iiydrogmi llamo, booomos imatndosoonf. ; 
and so nxliibits the lamversion of lIiMi into ligbl. dhe 
I'lrodnction of magm^tism by Heat, if it. cannot bo proved 
to take place dinietly, may be proved to take place indi- 



FIRST PRINCIPLES, 


169 


rectly through the medium of electricity. And through 
the same medium may be established the correlation of 
Ileab and chemical affinity — a correlation which is indeed 
implied by the marked influence that Heat exercises on 
clicrnical composition and decomposition. 

The transformation of Electricity into other modes of 
force are still more clearly demonstrable. Produced by 
the motion of heterogeneous bodies in contact, Electricity, 
tliroiigh attractions and re])ulsions, will immediately re- 
produce motion in. neighboring bodies. l\^ow a current of 
Electricity generates magnetism in a bar of soft iron; and 
now the rotation of a permanent magnet generates currents 
of Electricity. Here we liave a battery in which from the 
play of cliemical affinities an electric current results; and 
there, in the adjacent cell, we have an electric current 
ell'ccting chemical decomposition. ,In the conducting wire 
wo witness tlie transformation of Electricity into heat; 
while in electric sparks and in the voltaic arc we see liglit 
produced. Atomic arrangement, too, is changed by Elec- 
tricity: as instance the transfer of matter from pole to 
pole of a battery; the fractures caused by the disruptive 
discliargo; the formation of crystals under the influence 
of electric currents. And whether, conversely. Electricity 
be or be not directly generated by ro-arrangement of the 
atoms of matter, it is at any rate indirectly so generated 
through tlie intermediation of magnetism. 

How from Magnetism the other physical forces result, 
must be next briefly noted — briefly, because in each suc- 
cessive case the illustrations become in great part the 
obverse forms of those before given. That Magnetism pro- 
duces motion is the ordinary evidence we have of its exist- 
ence. In tlie magneto-electric machine we see a rotating 
magnet evolving electricity. And tlic electricity so evolved 
may immediately after exliibit itself as heat, liglit, or 
clioniieal aflinity. Faraday’s discovery of the elfect of 
Magnetism on polarized liglit, as well as the discovery that 
(ihange of magnetic state is accompanied by lieat, point to 
f u I’tlier like connections. Lastly, various experiments 
sliow tliat the magnetization of a body alters its internal 
Btructure; and tliat, conversely, the alteration of its inter- 
nal structure, as by mechanical strain, alters its magnetic 
condition. 

Improbable as it seemed, it is now proved that from 
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Light also may proceed the like variety of agencies. The 
solar rays change the atomic arrangiiinents of piiriricular 
crystals. Certa,in mixed ga;scs, wliicli do not; otlun’wise 
combine, combine i;a the sunsliinc. In some eom])ounds 
Liglit |)rodiiees dcconi|)OBition. Sin(*e the im|niries of 
photograplmrs liavo drawn attention to tlie subject, it itas 
been sliown that “ a va.st number of substances, both elo' 
menta^ry and compound, are notably a.lTee.ted l>y this agent, 
even those apparently the most iinalteraiile in (diariicter, 
sucli as metals/' And when a (iagiujrreoty|)e ])hite is coii- 
iiected with a proper apparatus “ wo get eheinieal action 
on the plate, electricity cireidating tliroiigli the} wires, 
iiiagnetism in the coil, heat in the helix, a, ml motion in 
the needles.'’ 

Q^lie genesis of all otlior m()d(‘S of for(!e from (nu.vmical 
Action scarcely needs pointing out. ddu^ ordimiry accom- 
paniment of ciiemieal combination is lu'ut; and when tlio 
atliniti{,^s are intense, liglit also is, umhrr lit <a)nditions, 
produced. Oliemieal (‘ha.ngcs involving altiu’aiion oi* bulk 
cause motion, both in the coud)ining clermmts ami in ad- 
jacent masses of matter: witness tlu' propulsion of a liullet 
“by the explosion of gunpowder. In the galvanic, ba-ttery 
we see electricity resulting from cdi(uni(*ar(M)nip<)siti<)n and 
decomposition. While tbroiigli the medium of this elec- 
tricity, Cliemical A(dion produces iruigiuitisrn. 

These facts, tlio larger jiai't of whiith are culled from 
Mr. Grove’s work on “1’he (lorrelaiiou of Physical l^’orces,” 
show us that each force is transformahle, directly or indi- 
rectly, into the others. In every changi^ undergoes 

metamorphosis; and from tlie now form or forms it assumes, 
may subsecjuently result either the previous oiui or any of 
the rest, in endless variety of order and comhinatiom It is 
further becoming manifest that the physic^al forces stand 
not siinply in qualitative correlations with (sudi oilier, Imt 
also in quantitative correlations. l>(‘sideB |>roving that 
one mode of force may be trarisfiirincd iut.o amd.hiu* mode, 
experiments illustrate the trutli tliat from a. derndic amount 
of one, definite amoiiuts of others always arise. Ordinarily 
it is indeed diirenlt to sliow tiiis; since it mostly Imppens 
that tlie transformation of any for(‘o is imt into some one 
of the rest but into several of tliem: tlie proportions being 
determined l>y tlie ever-varying iMimlitions. But in cer- 
tain cases, positive results liave been reached. M.r. Joule 
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has ascertained that the fall of '<’72 lbs. through one foot, 
will raise the temperature of a pound of water one degree 
of Fahrenheit. The investigations of Duloug, Petit, and 
Neumann have proved a relation in amount between the 
affinities of combining bodies and the heat evolved during 
their combination. Between chemical action and voltaic 
electricity, a quantitative connection has also been estab- 
lished: Faraday’s experiments implying that a specific 
measure of electricity is disengaged by a given measure of 
chemical action. The well-determined relations between 
the quantities of heat generated and water turned into 
steam, or still better the known expansion produced in 
steam by each additional degree of heat, may be cited in 
further evidence. Whence it is no longer doubted that 
among the several forms which force assumes, the quanti- 
tative relations are fixed. The conclusion tacitly agreed 
on by physicists is, not only that the physical forces un- 
dergo metamorphoses, but that a certain amount of each 
is the constant equivalent of certain amounts of the others. 

§ 67. Everywhere throughout the Cosmos this truth must 
invariably hold. Every successive cluinge, or group of 
changes, going on in it, must be due to forces affiliable on 
the ilke or unlike forces previously existing; while from 
the forces exhibited in such change or changes must be 
derived others more or less transformed. And besides 
recognizing this necessary linking of the forces at any 
time manifested, with those preceding and succeeding 
them, we must recognize the amounts of these forces as 
determinate — as necessarily producing such and such quan- 
tities of results, and as necessarily limited to those quan- 
tities. 

That unification of knowledge which is the business of 
Philosophy is but little furthered by the establishment of 
this trutli under its general form. We must trace it out 
under its leading special forms. Changes, and the accom- 
panying transformations of forces, are everywhere in prog- 
ress, from the movements of stars to the currents of our 
thoughts; and to comprehend, in any adequate way, the 
meaning of the great fact tliat forces, unceasingly meta- 
morphosed, are nowhere increased or decreased, it is requi- 
site for us to contemplate the various orders of changes 
going on around, for the purpose of ascertaining whence 
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arise the forces they imply aiui what becomes of tlicso 
forces. Of course if answerable a.t all, tliese (|iicstimis can 
be aJLSwered only in the rudest, way. We cannot i]()|)c to 
establisli eqiiivalenco among the siu'cessive nuiriifcstatioiis 
of force. Tlie most we can liopo is to es{:aJ)lish a, ([ualita- 
tive correlation tliat is indeiinitely (:jinir!titativo~<|uanti~ 
tative to the extent of involving soinething like a due 
proportion between causes and elTocts. 

Let us, with the view of trying to do tliis, consider in 
suceessiou tlie several classes of phenomena wliieli tiie sev- 
eral concrete sciences deal witln 

§ 68. ddio antecedents of tliose forcans wliich our Solar 
System displays, belong to a |)ast of whicdi we c.an never 
liavo iiny tiling bn t inferentiai knowicMige; and at present 
wo cannot be said to luivi^ cvaai this. Nmneroits and strong 
as are the rea,sons for l)(‘li(*ving th<^ Nchinlar Hypothesis, 
we cannot yet regaird it as more than an hv|)othcsis. If, 
liowcvcn, we assuriK^ tlnit Hie matter composing Hic *Solar 
System oik'o existed in a dilTnsiHl statig wo loivc', in the 
gravitation of its pa.rts, a force a,deqnato to iiroduce tlie 
motions now going on. 

Masses of pre(‘.i|)itated nelinlons matter, moving t.owaird 
tlielr common centre of gravity through tlio resisting me- 
dium from wliicli tlicy wore jirecipitated, will inevitaiily 
cause a general rotation, increasing in rapidity as tln^ (tou- 
centration progresses. So far as the (‘vidmu'e carries us, 
we perceive some quantitative relation I)etwt»(‘n tin* motions 
so generated and thci gravitativci forces (?xp(‘ndc<I in gmier- 
ating thorn. Tlie planets formed from that nnd;t(‘r Hdii(;li 
has travelled tlie sliortcst distainuj toward tln^ common cen- 
tre of gravity, have tlie smailest velocitiixs. Honbfltxss this 
is explicable on the teleologirail livpot)n*sis; sim'c it is a 
condition to equilibrium. But witlnmt insisting that tliis 
is beside the question, it will sulheo to point out that, the 
like cannot be said of the pla.mita.ry rofaiions. No such 
final cause can be assigned for the rapid axial movmntmt 
of Jupiter and Saturn, or tlie slow a,xial movimnmt of 
Mercury. If, however, in pursuaina* of the doctrine (v£ 
transformation, we look for tlie antecedent's td* tlu'Si* gyra.- 
tions whiel) all planets cixliibit, the nebular hypotlmsis fur- 
nishes us with anteeodents wliieh bear nniniff*st (fuanti tative 
relations to the motions displayed. For tlie planets that 
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turn on tlieir axes with extreme rapidity are those having 
great masses and large orbits — those, that is, of which the 
once dilfiised elements moved to their centres of gravity 
through immense spaces, and so acquired high velocities. 
While, conversely, the planets which rotate with the small- 
est velocities are those formed out of the smallest nebulous 
rings — a relation still better shown by satellites. 

“ But what,” it may be asked, “ has in such case become 
of all that motion which brought about the aggregation of 
this diffused matter into solid bodies?” The answnr is 
tfiat it has been radiated in the form of heat and light; 
and this answer the evidence, so far as it goes, confirms. 
Geologists conclude that the heat of the Earth’s still molten 
nucleus is but a remnant of the heat which once made 
molten the entire Earth. The mountainous surfaces of the 
Moon and Venus (which alone are near enough 'to be scru- 
tinized), indicating, as they do, crusts that have, like our 
own, been corrugated by contraction, imply that these 
bodies too have undergone refrigeration. Lastly, we have 
in the Sun a still-continued production of this heat and 
light, which must result from the arrest of diffused matter 
moving toward a common centre of gravity. Here also, 
as before, a quantitative relation is traceable. Among the 
bodies wliich make up tlie Solar System, those containing 
comparatively small amounts of matter whose centripetal 
motion lias been destroyed, have already lost nearly all the 
produced heat: a result which their relatively larger sur- 
faces have facilitated. But the Sun, a thousand times as 
great in mass as the largest planet, and having therefore 
to give off an enormously greater quantity of heat and 
light due to arrest of moving matter, is still radiating with 
great intensity. 

§ G9. If we inquire the origin of those forces which have 
wrouglit the surface of our planet into its present sliape, we 
find them traceable to the primordial source Just assigned. 
Assuming the solar system to have arisen as above sup- 
posed, then geologic cliaiigcs are either direct or indirect 
results of the unexpended heat caused by nebular conden- 
sation. Tlu^se changes are coramoiily divided into igneous 
and aqueous — heads under whichwo may most conveniently 
consider them. 

All those periodic disturbances which wo call earth- 
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quakes, all those elevations and subsiilcneos w])i(!li tliey 
severally produce, all those aeciinnihited elhicis of niany 
such elevations and subsidences exliibited in ocean'basius, 
islands, continents, table-lands, ni()iiiitjuii-chairis, and <ili 
those formations wliicli are distinguished as volcanic, 
geologists now regard as modifications of tlic blartli’s crust 
produced by the still-molten niatd.cr ocaaipyirig its iut.crior. 
However untenable may be the details of .M. hllicj de lhaui- 
mont’s tlieory, tliere is good reason f.o a.cr*(‘pt the geinn’al 
proposition that the disruptions and variations of line! 
which take place at intervals on the terrest;rial snrfa.ee, are 
due to the progressive collapse of the Ear 1/1 ds solid caivelo[)e 
upon its cooling and contracting niichnis. Ev(‘n snp])os- 
ing that volcanic eruptions, extrusions of igntious rock, 
and uplioavcd monntaiu-chains, could ht; otherwise satis- 
factorily accounted for, Avdu’ch they eannoi., it would !)e 
impossible otherwise to account for those wide-s[)r(aul ele- 
vations and depressions wlieneo continents and oceans re- 
sult. The conclusion to ])e drawn is, tlien, that, tlio 
forces displayed in these so-ca,lled igneous changes art^ de- 
rived positively or negatively from the uuexj)(‘n(ied Imat of 
tlie Eartli’s interior. Sue/ii phenomena as the fusion or 
agglutination of sedimentary deposits, the warming of 
springs, the sublimation of metals into tlie fissures wlum 
wo find them as ores, may be regard (jd as positive r<\siilts 
of this residuary heat; while fratdaires of straiii a, ml aJltrr- 
ations of level are its negative results, siju!(^ tiny (!nsu(^ on 
its escape. The original cause of aJl tbesiMdTec.fs is still, 
however, as it has Ijeen from the first, tins gra\’i fating 
movement of the Earth’s ma.ft<ws f.owa.rd f hi! l^Iarlh’s eim- 
tre; seeing that to this is due l)oth the iuternaf Inaii itself 
and the collapse wliich takes place as it is radiated into 
space. 

When we inquire under what fo”ms previously lexisfiid 
tlie force which works out tlie geologi<‘al change's classed 
as aqueous, the answer is less nbvious, ^i'he efTetds of rain, 
of rivers, of winds, of waves, of nuirine eiitreiits, iio not 
manifestly proceed from one gemuad sourei*. Analysis, 
nevertheless, proves to us that they ha\'e n eomnion gene- 
sis. If we ask, AVliemte comes the powt'i* of the river- 
current, bea^ring sediment down t<j the sea? the ri'ply is, 
Idle gravitation of water throughout the tiaict wlueii this 
river drains. If we ask, How came tlici water to la* dis- 
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persed over this tract? the reply is, It fell in the shape 
of rain. If we ask, How came the rain to be in that 
position whence it fell? the I'eply is, The vapor from 
wiiicli it was condensed was drifted there by the winds. 
If we ask, How came this vapor to be at that elevation? 
the reply is. It was raised by evaporation. And if we 
ask, What force tlius raised it? the reply is. The sun’s 
heat. Just that amount of gravitative force which the 
sun’s heat overcame in raising the atoms of water is given 
out again in the fall of those atoms to the same level. 
Hence the denudations effected by rain and rivers, during 
the descent of this condensed vapor to the level of the sea, 
are indirectly due to tlie sun’s heat. Similarly with the 
winds that transport the vapors liither and thither. Con- 
sequent as atmospheric currents are on differences of tem- 
perature (either general, as between the equatorial and 
polar regions, or special, as between tracts of the Earth’s 
surface of unlike physical characters), all such currents are 
due to that source from which the varying quantities of 
heat proceed. And if the winds xhiis originate, so too do 
the waves raised by them on the sea’s surface. Whence it 
follows that wliatever cliangcs waves produce — tlie wearing 
away of sliores, the breaking down of rocks into shingle;, 
sand, and mud — are also tracoahle to the solar rays as their 
priniaT*y cause. 'I’hc same may be said of ocean-currents, 
(fencrated as the larger ones are by the excess of heat 
which the ocean in tropical climates continually acquires 
from the Sun, and generated as the smaller ones are by 
minor local differences in the quantities of solar heat ab- 
sorbed, it follows that the distribution of sediment and 
otlier geological processes "wiiich these marine currents 
effect, are affiliable upon tlie force which the sun radiates. 
The only aqueous agency othcrAvise originating is that of 
tlie tides — an agency whicli, e(|rially Avith the others, is 
traceable to unexpeii(ied astrouomic^al motion. But making 
allowance for tlic clianges Avhi(;li this Avorks, avc; reach the 
conclusion that the slow Aveariiig doAvn of continents and 
gradual lilling up of seas, by rain, rivers, Avinds, Avaves, 
and ocean-streams, are the indirect effects of solar heat. 

Tlvus the inference forced on us by the doctrine of 
transformation, that the forces Avhich have moulded and 
renioulded the Earth’s cnist must have pre-existed under 
some other sliapo, presents no difficulty if nebular genesis 
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be granted; since this presupposes certain forces that are 
both adequate to the results, and cannot l)e expended with' 
out producing the results. We see that wlnlc^ ilie geologi' 
cal clianges classed as igneous arise from the sliH-j)r()- 
gressing motion of the Earth’s su])stanc(^ to its <!entre of 
gravity, the antagonisticj changes classi-d as a><|ii(:‘OMs arise 
from the still-progressing motion of tlie Bun’s sul)s{.;uu!e 
toward its ceiiti’o of gravity — a motion whicli, transformed 
into lieat and radiated to us, is here rtda’jinsforme<l, di- 
rectly into motions of the gaseous and li(juid matters on 
tlie Earth’s surface, and indirectly into motions of the 
solid matters. 

g 70. That the forces exhi])ited in vital actions, vege- 
tal and animal, are similarly (hnaved, is so obvious a 
deduction from tlic facets of oi‘ga,nic (dicmistry tlud, it will 
meet with ready acceptance from readers ae(|uainted witli 
tliese facts. L(‘t us note iirst the |rhysi(>lr)gical gciieral- 
izations, and then the generalizations wliich iliey lU'cessi- 
tate. 

Plant-life is all directly or indirectly diqiemlent on the 
lieat and liglit of the sun — directly dcpenihmt in the 
immense majority of plants, and imlirectly dependent in 
plants which, as tlie fungi, tloiirisli in the dark: since tliesc, 
growing as they do at the expense of decaying orgaruc 
matter, mediately draw tlicir forces from tlic sjunc original 
source. Eacli plant owes tlie carbon and liydrogim of 
whicli it mainly consists to the cairhonic aend Jind waicu* 
contained in the surrounding air and earth. ^Flic carlionic 
acid and water must, Iiowevcr, lie dcc<>m|>ostM! l>efori‘ tlu^ir 
carbon and hydrogen can be assimilatcMl. d’o ()V(‘r(;ome 
the powerful aflinities which hold tluur elerrumts tog(d.fic»r 
requires the expenditure of force; and this force issu])' 
plied by the Sun. In what manner thcj dewompiKsition is 
effected, we do not know. ],hit we know that when, under 
fit conditions, plants are exposed, to the Sun’s rays, iht^y 
give oi! oxygen and accurnuiate carliou and liydrogcdu, lii 
darkness tliis process ceases. It cea.s<%s too when llw (|uan- 
titles of light and heat received aix^ greatly rmiucaid, as in 
winter. Oouversely, it is active wlien ilie light aiul heat 
are great, as in summer. And the like relatimi is semi in 
tluj fact that wliilc plant-life is luxuriant in the tro|dcs, it 
diminishes in temperate regions and disa|;)|)ea.rs as we aj)- 
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proacli the poles. Thus the irresistible inference is that 
the forces by which plants abstract the ‘materials of their 
tissues from surrounding inorganic compounds — tlie forces 
by Avhich tliey grow and carry on their functions, are 
forces that previously existed as solar radiations. 

That animal life is immediately or mediately dependent 
on vegetal life is a familiar triitlx; and that, in the main, 
the processes of animal life are opposite to those of vegetal 
life is a truth long current among men of science. Chem- 
ically considered, vegetal life is chiefly a process of de- 
oxidation and animal life chiefly a process of oxidation: 
chiefly, we must say, because in so far as plants are ex- 
penders of force for the purposes of organization, they are 
oxidizers (as is shown by the exhalation of carbonic acid 
during the night) ; and animals, in some of tlieir minor pro- 
cesses, are jjrobably deoxidizers. But with this qualifica- 
tion, the general truth is that while the plant, decomposing 
carbonic acid and water and liberating oxygen, builds up 
tlio detained carbon and hydrogen (along with a little ni- 
trogen and small quantities of other elements elsewhere 
obtained) into branches, leaves, and seeds, the animal, 
consuming these branches, leaves, and seeds, and absorb- 
ing oxygen, recomposes carbonic acid and water, together 
witli certain nitrogenous compounds in minor amounts. 
And wliiie tlie decomposition efiected by the plant is at 
the expense of certain forces emanating from the sun, 
which are employed in overcoming the affinities of carbon 
and hydrogen for the oxygen united with them, the re- 
composition efiected by the animal is at the profit of these 
forces, which are liberated durixig the combination of such 
elcmeuts. Thus the movements, internal and external, 
of tlie animal, are reappearances in new forms of a power 
iil)sorbod by the plant under the sliapc of light and heat. 
Just as, in the manner above explained, the solar forces 
expended in raising vapor from tlic sea’s surface are given 
out again in the fall of rain and rivers to the same level 
and in the accompanying transfer of solid matters, so the 
solar forces that in the plant raised, certain chemical ele- 
ments to a condition of unstable equilibrium are given out 
again in tlie auctions of the animal during the fall of tliese 
elements to a condition of stable equilibrium. 

Besides thus tracing a qualitative correlation between 
tlicse two great orders of organic activity, as well as be- 
■ 12 
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tween both of them and inorganic iigoiicies, wo may rndoly 
trace a qua,iititativc corrchitioiu \\1ierc vcvgctal lUv. is 
abivndaiit, wo usually lind abmuL'Mit auiiiial lii'e; and as wo 
aclva.nce from toiM’id to tempera, to and frigid (‘iimat(‘s, the 
two decrease togetlier. 8pea,kiiig gimorally, ilu^ animals 
of eaeli chiss reach a larger sizt^ in, regions wherc^ vcigid a-tion 
is abuiKhnit than in those wliere it is 8|)arse. And fiir- 
tlior, there is a tolerably apparent c<)iin(Mddon l.)etwee.ii 
the quantity of energy which each spocJi'S of a.nimal (ex- 
pends, and the quantity of force whicli the rud riment it 
absorbs gives out during oxidai.ion. 

Certain plienomena of (ioY(‘lopment in l)otli plants and 
animals illustrate still more dire(;tly tlu^ ultimate tiaitli 
enunciated. Ihirsuiiig the suggestion rnadi^ hy Mr. (drove, 
in the first edition of his work on t.hc‘. ( Mrrelat ion of the 
Pliysical Forces,” tliat a (‘onuection prolialily exists be- 
tween the forces classed a,s vit.aJ and tliosci classed as plyys- 
ical, Dr. Cairpenter has [lointcul out I, hat- sueh, a, cenneciiou 
is clearly exliibited during incubatton. The irnnsforma- 
tion of the unorganized contents of an. egg ini-n t-ln* oi’gan- 
ized chick is altogether a question of lu^a-t: withliold 
heat and the process does not (;omnienc.(^ supply luxit and 
it goes on while tiic temperature is nuiiutained, Imt <*eascs 
when the egg is allowed to cool, '’khe devidopimmtal 
changes can be completed only by keeping tlic temperature 
with tolerable constancy a,b a- (hdluito luright for a, ditlnite 
time; that is, only by supplying a, definil-e (pniniity of 
heat. In the ractamorplioses of insecls wc^ may discern 
parallel facts. Experiments show not only that ilu* bal-tdi- 
ing of their eggs is determim^d ]»y hunperainre, Imt also 
that the evolution of tlio puj>a into tlu^ imago is similarly 
determined; and may be imnumsidy ar'cthuadcd m* imtaa'dcd 
according as heat is artiiicially snppliiHi or witJilubl. It 
will suffice just to add that the giu’mimitiou of plants |»re- 
sentslike relations of cause ai,id (vlTect— rela-tious so similar 
tliat detail is supedhious. 

Thus, then, the various changers exhibited to us by the 
orgjinic creation, whether (ionsidored as a, wliolc, or in its 
two great divisions, or in its individual numilicrs, conform, 
so far as we can ascertain, to tlio giaieral prin(d|)lm 
Where, as in tlie transformation of an (gg into a (ildiik, 
we can investigate tlio jihenomona apart from all com|)li- 
cations, we find that the force manifested in th,e process 
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of organization involves expenditure of a pre-existing 
force. Wliere it is not, as in tlie egg or the chrysalis, 
merely tlie cliange of a fixed quantity of matter into a new 
shape, hut where, as in the growing plant or animal, we 
have an incorporation of matter existing outside, there is 
still a pre-existing force at tlm cost of which this incor- 
poration is effected. And where, as in the higher division 
of organisms, there remain, over and above the forces ex- 
pended in orgroiization, certain surplus forces expended in 
movement, these too are indirectly derived from this same 
pre-existing external force. 

§ 71. Even after all that has been said in the foregoing 
part of tills work, many will be alarmed by the assertion ‘ 
that the forces which we distinguish as mental come 
within the same generalization. Yet there is no alterna- 
tive but to make this assertion: the facts which justify, 
or rather which necessitate it, being abundant and con- 
spicuous. They fall into the following groups. 

All impressions from moment to moment made on our 
organs of sense, stand in direct correlation with pliysical 
forces existing externally, modes of consciousness 

callcfl pressure, motion, sound, light, heat, arc effects pro- 
duced in, us by agencies whicli, as otlierwise expended, 
crusli or fracture ])ieccs of matter, generate vibrations in 
surrounding objects, cause cliemicul combinations, and re- 
duce substances from a solid to a liquid form. Hence if 
yvo regard the changes of relative position, of aggregation, 
or of chemical state, thus arising, as being transformed 
manifestations of the agencies from which they arise, so 
must wo regard the sensations which such agencies pro- 
duce in iLS as new foimis of tlie forces producing them. 
Any liesitation to admit that between tlio physiea.l forces 
and tlie sensations there exists a correlation like that be- 
tween tlio physical forces tliemselves, must disa].)poax on 
reinenibering liow the one correlation, like tlie other, is 
not (jualitative only, hut quantitative. Masses of matter 
which, by sealers or dynamometer, arc shown to differ 
greatly in weight, differ as greatly in tlie feelings of press- 
lire they proiluce on our bodies. In arresting moving ob- 
jects, tlic stra/ins we are conscious of are proportionate to 
tiro uiomenta of sucli objects as otherwise measured. Un- 
der like conditions the impressions of sounds given to us 
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by vibrating strings, bells, or columns of air are found to 
vary in strength with the amount of force applied. Fluids 
or solids proved to be markedly contrasted in temperature 
by the different degrecvS of expansion they prodiuu^ in ilie 
mercurial column, produce in us corros[)ondii)giy diffin'ent 
degrees of tlie sensation of heat. And sitnilarly nrdiko 
intensities in our impressions of light answer to unlike 
eJTects as measured l>y photometers. 

Besides the correlation and equivalence between external 
physical forces and tlie mental forces genera, t(Ml by them 
in ns under the form of sensations, tliere is a eorrelalion 
and equivalence between seusatioiiB tmd (Jios(‘ })liy.siea,l 
forces wliicli, in tlie sliape of bodily aedions, n‘sult from 
them. The feelings wo distinguish as light., lieat, sound, 
odor, taste, pressure, etc., do not die away without im- 
mediate results, l)ut arc iiivarialhy followed hy oihcu’ irian- 
ifesta.tions of force. In addition to the (rxcitermmts of 
secreting organs that arc in some cases traeeahli*, tluu’o 
arises a contraction of tlie involuntary muscl<‘s, or of t he 
voluntary muscles, or of botln Sensations iner(*:is(‘ the 
action of the heart- — slightly when tliey are slight, mark- 
edly when they arc marked, a,nd iHsxvnt physiological in- 
quiries imply not only tliat contraction of the tieart is 
excited by every sensation, but also that the muscular 
fibres throughout the whole vaseular systtmi, are at, the 
same time more or less contrac'.ted. Fhe r< spiraiory mus- 
cles, too, are stimulated into greater activity i>y sr'iisalinns. 
The rate of breatbing is visilily aiul audildy augmented 
both by pleasurable and |)a,infu} impressitms on tlu^ nerv(*s, 
when tliese reacli any intensity. It has twen of late luam 
shown that inspiration becomes more fnajiuml, on t-ran- 
sition from darkness into surislune~a rt;;sult proliahiv due 
to the increased amount of direct and indireot nervous 
stimulation involved. When tlie qimntity rff sensation is 
great, it generates contractions of tlie voluntary imiseles, 
as well as of the involuntary ones. Unusual exeiienuvnt of 
the nerves of toucli, as hy tickling, is followed Iiy aJiuost un- 
controllable movements of the limbs. Violent pains cause 
violent struggles. Tlie start tluit sueceecis a, ioud sou ml, 
the wry face produced hy the taste of anything c^xtrmnely 
disagreeable, the jerk with wbic-li tlie luimi or foot is 
siiatcbed out of water that is very hot, are instances of 
the transformation of feeling into motion; and in tliese 
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cases, as in all others, it is manifest that the quantity of 
bodily action is proportionate to the quantity of sensation. 
Even where from pride there is a suppression of the 
screams and. groans expressive of great pain (also indirect 
results of muscular contraction), we may still see in the 
clinching of the hands, the knitting of the brows, and the 
sotting of tlie teeth, tliat the bodily actions developed are 
ns great, thougli less obtrusive in their results. If we 
take emotions instead of sensations, we find the correlation 
and equivalence equally manifest. Not only are the modes 
of consciousness directly produced in us by physical forces, 
retransfonnal.)lc into physical forces under the form of 
muscular motions and the changes they initiate ; but the 
like is true of tliose modes of consciousness which are not 
directly produced in us by the physical forces. Emotions 
of moderate intensity, like sensations of moderate inten- 
sity, generate little beyond excitement of the heart and 
vascular system, joined sometimes with increased action of 
glandular organs. But as the emotions rise in strength, 
the muscles of the face, body, and limbs, begin to move. 
Of examples may be mentioned the frowns, dilated nos- 
trils, and stampings of anger; tlie contracted brows, and 
wrung hands, of grief; tlie smiles and leaps of joy; and 
the frantic struggles of terror or despair. Passing over 
certain apparent, but only apparent, exceptions, we see 
that wliatever bo the kind of emotion, tliere is a manifest 
relation between its amount, and tlie amount of muscular 
action induced; alike from the erect carriage and elastic 
step of exhilaration, up to the dancings of immense de- 
liglit, and from the fidgetiness of impatience up to the 
almost convulsive movements accompanying great mental 
agony. To these several orders of evidence must be joined 
the further one, that between our feelings and those 
voluntary motions into wliich they are transformed, there 
comes tlie sensation of muscular tension, standing in man- 
ifest correlation Avith botli — a correlation that is "distinctly 
qriantitative: the sense of strain varying, other tliings 
eqiud, directly as tbe quantity of momentum geueratedl 
“But how,” it maybe asked, “can we interpret by the 
law of correlation tlie genesis of those thoughts and feel- 
ings which, instead of following external stimuli, arise 
spontaneously? Between the indignation caused by an 
insult, and tlic loud sounds or violent acts that follow, the 
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alleged coniioction HKiy liold; but; wlienoe come tbo crowd 
of ideas mA the iruiss of feelings thaf expcnid tilieniselves 
in tlioso deinoiistrations? They are eUiarly not cujiiivakvnts 
of tlui sensations prodiiced l)y tlie words on ears; for 
the same words otlierwise arranged, would, not cjuised 
them. 1.!he thing sa,id beuii’s to the menbiJ iietion it exeitiiS, 
much tlie same relation tliat the pulling of a iiugger hears 
to tlie subsequent exidosion — dot^s not produce tlie |>ower, 
but merely liberates it. Whence then arises this immense 
amount of nervous energy whicli a wliisper or a glam,^e 
may call fortli?’' Tlie reply is, tluit tlu^ imnu'diaf.e corre- 
lates of these and other such .modiis of (umsdousness, are 
not to be found in the agemnes ac.ti ng on us octmmally, imt 
in certain internal agencies. 1'1 h‘, forces (rdled vital, 
which we luive seen to he correhitt^s of the foi’(*es <rilled 
physieal, are the immediate souria'S of t hese tlioiights and 
feelings, and ai’e expended in producing tliem. Tlie 
proofs of t/his are various. [I(‘re are some of them, li is 
a coiispiivuous fact tha,t nientai action is eouliiigeiit on tJio 
presence of a, certain nmxous a.|q)aratus; and that, gn^atly 
obscured us it is liy nummams and involvt^d (‘ouditbms, a 
general relation may be traend hetwemi the si/.e of this 
ap|)aratus and tlie (juantit.y of menial antloii as measurcMl 
by its results. Furtlier, this appa.ratus lias a partie.ular 
chemical constitution on wliidi its activity d(‘jK*nds; and 
tliero is one eleineiit. in it between tlie amount of which 
and the amount of funetiou jierfornnrd, there is an ascrer- 
tained cornuudlon : the projiortion of phorpihorus {iresmit 
in the brain being tiie smalh'st in infancy, ohi age ami 
idiocy, and the greatest during the prinui of lifie Note 
next that the evolution of thought a.ml mnot-ion variiss, 
other things equal, wit.h tiic Hup{>ly of blood t,o the hi’aiii. 
On the one hand, a cessation of the ciu’eliral circulafi<ni, 
from arrest of the heart’s action, immedial.<‘ly (entails 
unconsciousness. On the other luuid, excess of* cm’cliral 
circulation (unless it is siudi as to (muse undue pressure) 
results in an exeitement, rising finally to delirium. Not the 
qmuitity only, Imt also the (;ondition of t;lie blood pa,sshig 
tlirougli tlie nervous system, inlluenees tiu‘ mmif al manifes- 
tatious. Idle arterial currents must he duly aerated, to 
prodiute the normal amount of eoreliraiioii/ At the one 
extreme, we find that if the blood is not allowed to excdiange 
itscarlionic acid for oxygen, there results aspliyxia, with its 
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accompaTiying stoppage of ideas and feelings. While at the 
other extreme, we find that by the inspiration of nitrous 
oxide, tliore is produeed an excessive, and indeed irrepres- 
sible, nervous activity. Besides the connection between 
tlio development of the mental forces and the presence of 
sufficient oxygen in the cerebral arteries, there is a kin- 
dred connection ])etween the development of the mental 
loices and the presence in the cerebral arteries of certain 
other elemeiits. There must be supplied special materials 
tor the nutrition of the nervous centres, as well as for their 
oxidation. Arid how what we may call the cpiantity of 
consciousness, is, otlier things equal, determined by the con- 
stituents of tlie blood, is unmistakably seen in the exaltation 
that follows when certain chemical compounds, as alcohol 
and the vegeto-alkalies, are added to it. The gentle exhila- 
ration which tea and coffee create is familiar to all; and 
though the gorgeous imaginations and intense feelings of 
liappiness produced by opium and hashish, have been ex- 
perienced by few (in this country at least), the testimony 
of those^who have experienced them is sufficiently conclu- 
sive. Yet another proof that the genesis of the mental 
energies is irnmediately dependent on cliemical change, is 
ailorded liy tlie fact, tlnit tlio eflcte products separated 
from the lilood hy the kidneys, vary in character with the 
am (Hint of cored) ral action. Iijxcessive activity of mind is 
habitually accompanied by the excretion of an unusual 
c|uantity of the alkaline phosphates. Conditions of ab- 
normal nervous excitement bring on analogous effects. 
And the ‘‘peculiar odor of the insane,” implying as it 
does morbid products in the perspiration, shows a connec- 
tion between insanity and a special composition of the 
circulating fluids-— a compos itiou wliicb, wliether regarded 
as cause or consequence, eqiudly implies correlatiorf of the 
rnoutai and the physical forces. .Lastly w'c liave to note 
that this^ correlation, too, is, so far as we can trace it, 
quantitative. Provided the conditions to nervous action 
are not infringed on, and the concoiiiitants are the same, 
there is a tolerably constant ratio between the amounts of 
tbe^ antecedents and consequents. Within the implied 
limits, ncirvous stimulants and amnsthetics produce effects 
on the thonglits and feelings, proportionate to the quan- 
tities administered. And conversely, where the thoughts 
and feelings form the initial term of the relation, the de- 
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gree of reaction on tlie bodily ciiorgics is great, in pro- 
portion as tlicyaro great: reaching in extremes cmscs a total 
prostration of physir|ue. 

Various classes of faots tliiis unite to |)rovc tliut i;lio law 
of nietain()r[)liosis, ■wliicii liolds junong the |>hysi('al ;for(H;s, 
holds equally between them and the numtal i'orci's. d’hose 
iTiodcs of tlio Unknowable whicli we call niotion, heat, light, 
cliemical allinity, etc., a,]*e alike tra;usfornuil)le into ea-idi 
otlier, and into those inodes of tlio Unknowidilo whieli w'o 
distinguisii as seiisation, emotion, tiiought: tlufse, in tlieir 
turns, being directly or indirectly rtd,raiisrorinal)le into 
the original sliapes. ^Iduit no ideu, or hxvling arises, save 
as a result of some pliysic-al force expended in producing 
it, is fast bocoiuing a corniiumplane of science; a<nd who- 
ever duly weighs tlie evitlcuK'.jj will see, tlnit nothing 1)nt 
an overwhelming bias in fa,vor of a, prcM/.om^eivcHl Iheory, 
can explain its ncn-a.{5(H*|)tMnec. How this inetanior- 
phosis takes place — how a fore.e existing us motion, lusut, 
or liglit, can. he(M)mo a mode of (;ons(d{)iisii<‘ss-— dunv it, is 
possible for acnnal vil)ra,ti()ns to g(niera,to the Simsution we 
call sound, or for tlui forces lil)erated by (hicinical changes 

in the brain to give rise to emotion- -tiu\se aia^ mysl.tuui^s 

which it is impossilde to fathom. Ihit they arti tiot pro- 
foiinder mysteries than the traiisforniatlons of tlui pliysical 
forces into each other. They arc not more c()ni,|)l(v(niy in> 
yond, our comprehension tlnui the nalarrc^s of .Mind* and. 
M'atter. Tlicy have simply tlie saane. insolubility us all otbeu* 
ultimate questions. \¥e can learn nothing more tlnui iliali 
here is one of the uniform itiin-i in the order of plienomeinu 

§ 72. If the general law of transformat-ion a-nd e(|ni^'a- 
Icnce holds of the fore-t'-s we class us vita-i a,nd mentrd, it must 
hold also of those which we class a,s smdud. Whatevm* ialvcs 
place in a socuety is due to orgaaiic or inorga-nic agemdes, 
or to a cornbiiiation of the two— results eii/lnn' from tln^ 
undirected pliysicuil forces around, fi*om {,ln*s(‘ physical 
forces as directed by men, or from the fontes of the imm 
themselves. No cliange (uui occair in its organization, its 
modes of activity, or the idhads it piUKimujs on tlie face of 
the Earth, hut w'liat proceeds, mediately or imnu*diately, 
from these. Let us consider Ih’st the c.errela,ticm lietwcani 
tlie plieriomena which societies display, and tlie vital 
phenomena. 
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Social power and life varies, other things equal, with, 
the popniation. Though different races, differing widely 
in their fitness for combination, show us that the forces 
manifested in a society are not necessarily proportionate 
to the number of people; yet we see tliat under given 
conditions, the forces manifested are confined within the 
limits which the number of people imposes. A small so- 
ciety, no matter liow superior the character of its mem- 
bers, cannot exhibit the same quantity of social action as a 
large one. The production and distribution of commod- 
ities must be on a comparatively small scale. A multitu- 
dinous press, a prolific literature, or a massive political 
agitation, is not possible. And there can be but a small 
total of results in the shape of art-products and scientific 
discoveries. The correlation of the social with the phys- 
ical forces through the intermediation of the vital ones, 
is, however, most clearly shown in the different amounts 
of activity displayed by the same society according as its 
members are supplied with different amounts of force from 
the external world. In the effects of good and bad har- 
vests, we clearly see this relation illustrated. A greatly 
deficient yield of wheat is soon followed by a diminution 
of business. Factories are worked half-time, or closed 
entirely; railway tralilc falls; retailers find their sales 
much lessened; liouse-building is almost suspended; and 
if tlic scarcity rises to famine, a thinning of the population 
still more diminishes tlie industrial vivacity. Conversely, 
an unusually abundant harvest, occurring under conditions 
not otlierwise unfavorable, both excites the old producing 
and distributing agencies and sets up new ones. The 
surplus social energy finds vent in speculative enterprises. 
Capital seeking investment carries out inventions that 
have been lying unutilized. Labor is expended in opening 
new cliannels of ciomraunication. There is increased en- 
coiiragement to those who furnish the luxuries of life and 
minister to the testhetic faculties. There are more mar- 
riages, and a groator rate of increase in population. Thus 
tlie social organism grows larger, more complex, and more 
active. When, as liappens with most civilized nations, 
tlie whole of tlio materials for subsistence are not drawn 
from the area inhabited, but are partly imported, the peo- 
ple are still supported by certain harvests elsewhere grown 
at the expense of certain physical forces. Our own cotton- 
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gpiiiners and weavers vsupply tlie inost conspieiions instance 
of a section in one nation living in great, part, on iin- 
ported conimodities, |)nrc]nised l)y tlie i:i.lK)r they expend 
on other i]n])orted coniniodil/ies. But though the soctai 
activities of Lancasliire a.re due chiefly to nudeihals not 
drawn from our own soil, tlicy are none ilu'. k'ss evolved 
from plvysical forces elsewhere stored up in fit forms and 
then Ijrought here. 

If w^e ask wliencc come these ph^ysical forces from whiidi, 
through the intermediation of tlu^ vital f(jrees, tlio social 
forces arise, tlie rejily is of course as lu^ntiviVjre — tlie solar 
radiations. Based as the life of a. society is on animal and 
vegetal products; and dependent as these animal and 
vegetal products are on tlu^ light and heat of (he sun; it 
follows that the eluingv's going on in s(M‘i(t.i(‘S ari^ ed'e<‘t;s 
of forces liaving a. common origin witli t/hosc wliieii |U’oduec 
all tlie otlier orders of (tianges that, liave henn analy'/e<{. 
Not only is the forei^ expemded In' flu* liorsi^ harn(\ssed io 
the plougli, and hy the laJion*!' guiding it, di'i’isud from 
the same reservoir as is the fona* of flu* falling eaiara.et 
and the roaring luirrleamg hut to this same rescinoir i\m 
(3ventually traceable those subtler and mon^ con!pli‘X mani- 
festations of force wliieli humanity, as socially ernljoditai, 
evolves. The assertion is a startling one, a/nd by many will 
he tlionght ludicrous; but it is a/ii iina/voidahh^ (icdmd.ioii 
which, cannot here lie jiassial ov(!r. 

Of the pliysicat forc.i's (.hat a.r(^ directly (ransfornu'd into 
social onCvS, the like is io ht^ sai<l. (tirrenls of air and 
water, whicli liefore the us(i of sU'ani W(*n^ tihe only agmicies 
brought in aid of niuseular (^ilort for flu* pcrformaiice o£ 
iiiduBtrial processes, are, as we havii s(h*!i, generated by f-he 
heat of tlie sun. And the inanimate power that; now, to 
so vast an extent, Hupplements human labor, is similarly 
derived. The late Oeorge Sie|>h(vnson was one, of llie lli\st 
to recogn ize th c f a ct tl i a t the f < n’< ‘c i m j )( *1 1 i 1 1 g 1 1 i s 1 < aa mi o- 
tive, originally ema.na.ted from the sun. St{*p by stc^p we 
go ba.ck— from the motion of tin* piston to Un* t‘Vapora- 
tion of the water ; thence to the luaat evolved during i hc 
oxiilation of coal ; thetiee to thcmissiiiiilatifui of ea;rbon liy 
the phudis of whoso imbeddtal renmins coal consists; tJienco 
to the ea,rhoiiic acid from which their earliou was ol»iainecl; 
and tliemte to the rays of light that dwrx id t/xal tli is taix- 
bonic, acid. Solar forces millions of yiiurs ago expeiulod 
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on the Earth’s vegetation, and since locked pp beneath its 
surface, now smelt the metals required for our machines, 
turn tlie lathes by which the machines are shaped, work 
them when put together, and distribute the fabrics they 
produce. And in so far as economy of labor makes possi- 
ble the support of a larger population ; gives a surplus of 
liurnan power that would else be absorbed in manual occu- 
pations; and facilitates the development of higher kinds 
of activity; it is clear that these social forces which are 
directly correlated with physical forces anciently derived 
from the sun, are only less important than those whose 
correlates are the vital forces recently derived from it. 

§ 73. Regarded as an induction, the doctrine set forth 
in this chapter will most likely be met by a demurrer. 
Many wlio admit that among physical phenomena at least, 
transformation of forces is now established, will probably 
say that inquiry has not yet gone far enough to enable us 
to predicate equivalence. And in respect of the forces 
classed as vital, mental, and social, the evidence assigned, 
however little to be explained away, they will consider by 
no means conclusive even of transformation, much less of 
equivalence. 

To tlioso wlio think tlivis, it must now, however, be 
pointed out, tliat the universal truth above illustrated 
under its various aspects, is a necessary corollary from the 
persistence of force. Setting out with the proposition 
tliat force can neither come into existence, nor cease to 
exist, the several foregoing general conclusions inevitably 
follow. ISacli manifestation of force can be interpreted 
only as the eifect of some antecedent force: no matter 
wdiotlier it 1)0 an inorganic action, an animal movetnent, 
a thouglit, or a feeling. Eitlier this must be conceded, 
or else it must be assorted that our successive states of con- 
sciousness are self-created. Eitlier mental energies, as 
well as liodily ones, are quantitatively correlated to certain 
energies expended in their jiroduction, and to ceihain 
other energies which tliey initiate; or else nothing must 
become something and something must become nothing. 
Tlie alternatives are, to deny the persistence of force, or 
to admit that every physical and psychical change is gener- 
ated by certain antecedent forces, and that from given 
amounts of such forces neither more nor less of siicli phys- 
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ical and psychical changes can result.. And sinec* the per- 
sistence of force, being a datum of conscioiis!H‘s-s, can not 
be denied, its unavoidable corollary imisii I.)c acuM'ptfML 
This corollary cannot indeed be mad(i rnoi’o cert;iin liy 
accumulating illustrations. The trutii as arrivcfi aJ. de- 
ductively, cannot be inductively (*oidirnie<I. Id>r (n ery one 
of such facts as those above detaJled, is estaldislied only 
through the indirect assumption, of tliat |)ersisl(niee (»f 
force, from which it i*oally follows as a direct cr)ns(‘{|Uc!n*c. 
The most exact proof of correlation jind o<}uival(m(‘i‘ which 
it is possible to reach by experimentaJ in(|uir\\ is tlmt 
based on measurement of the fon;es (vxjxmdcd ami tlu‘ 
forces produced. But, a.s was shown in tlu^ Iasi. clia{>lcr, 
any such process of mea.surement implies the use of seme 
unit of force which is assumed to remain constant; and 
for this assumption there can he no warranf. hut tinif it 
is a corollary from tlie persisttmee of force, ilow I hen 
can any reasoning based on this (rorolliup', ])rove t htMMpially 
direct corollary that wlien a given (juantity of force ceases 
to exist irndcr one form, an equal quant ify must come 
into existence rindcr some otlier form or fortns? dearly 
the a priori truth expressed in tliis last (corollary cannot 
be more .firmly estal)lished by any a poster lor i proofs whiith 
the first corollary helps us to. 

“What then,” it may l)e askcul, “is the use. of iln'se in- 
vestigations by which transformation and equivalence of 
forces is sought to bo esta-biished as an inductive truili? 
Surely it will not be alleged tha.t they are useless. Yid, if 
the correlation cannot l)e made mort^ (M*rlain by them 
than it is already, does not tludr nsidessimss neenssarily 
follow? ” No. They arc of valrui us disclosing tJie many 
particular implications wliich the general I ruVh do(‘S no't 
specify. They arc of value as toad dug vis Imw much of 
one mode of force is the e(|uivalent of so mmdi of a/nothm’ 
mode. ^ They are of value as deUumuning umhu* wlmf. 
conditions each metamorpliosis occurs. And I iu‘y are of 
valiio as leading ns to inquire in wliat shaiie the remiiaiit 
of force has escaped when the apparent results are not 
equivalent to the cause. 
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THE BIRECTIOH OF MOTIOH. 

§ 74. ''.riie Absolute Cause of changes, no matter what 
may be tlieir special natures, ivS not less incomprehensible 
in respect of the unity or duality of its action, than in all 
otlier respects. Wo cannot decide between tlm alternative 
sup])Ositions, that plienomena are due to the varioiisly- 
conditioned workings of a sijiglo force, and that tlicy are 
duo to the conflict of two forces. Wliether, as sonie con- 
tend, everything is exi)licablo on the iiypothesis of univer- 
sal pressure, whence what we call tension results diifer- 
cntially from inequalites of pressure in opposite direct- 
ions; or whether, as might be with equal propriety con- 
tended, tilings arc to be explained on the liy|)oti)esis of 
universal tension, from which pressure is a differential re- 
sult; or whether, as most physicists hold, pressure and 
tension evorywliere coexist, arc questions whicli it is im- 
possible to settle. Eac.li of tlieso three suppositions niakes 
the facts coni|)reheiisible, only liy postuhitiiig an incon- 
(uvivaliility. To assume a universal ])ressiire, confessedly 
requires us to aissuine a,ii iiifluittj jilenum — an unlimited 
s])a(a! full of soinetliiiig whicli is everywhere pressed by 
sometliiiig Ix^yond ; aiHl tins assumption cannot bo men- 
tally realized. Tliat universal tension is tlio immediate 
agency to which plienomena arc due, is an idea open to a 
parallel and equally fatal objection. And however verbally 
intelligible may bo tlic proposition that pressure and ten- 
sion everywlierc coexist, yet we cannot truly represent 
to ()urs(?lves one ultirnato unit of matter as drawing «‘iiiother 
while resisting it. 

Nevertlioless, tliis last l)elief is one which wo arc com- 
|)elled to en tori, aim Matter cannot bci conceived exccqit 
as manifesting for(*es of attraction iuid. repulsion. Body is 
distinguisiied in our c-onscioiisness from space, by its op- 
position to our nmseular energies; a,nd this oi)position wc 
fcH3l under tlio twofold form of a cohesion tliat hinders 
our efforts to rtmd, and a resistance tliat hinders our 
elT'oris to compress. Without resistance there can lx? merely 
em|)ty extensiom Without cohesion there can be no re- 
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sistaiice. Probably tliis conception of antagonistic forces, 
is originally clerivod from tlio iintagonism of onr llexor 
and extensor inusclcs. But I)e tliis as it may, wc are 
obliged to think of all ol)jects as made n|) of parl.s tliat 
attract and repel ea,ch otlicr'; since i;!iis is iho form of our 
experience of aril oirjocts. 

_ By a higiier abstraction results tlic couce|ilrion of attra.c- 
tivc and^repuIsi\'o forces j)orvading sjiaco. Wti eanriot dis- 
sociate force from occaipied extension, or occupied cxtim- 
sion from force because we have never an iminediato 
consciousness of eitlier in i,lie al>s(mcc of the ol-Imr. Never- 
theless, we have abundant proof that ibreo is exercised 
throngh what appears to our senses a vacuitv. Aleiitallv 
to represent this exercise, we aia; iience ol.Iigcd to till the 
apparent vacuity wdtli a. .sjiecics of inatlrcn— -an cthcrcid 
mediuni. TJio constitution we assign to this ethereal 
medium, however, like tlu:i constitution wo assign to seiid 
siihaiancc, is necessarily an arhstix'ud; of tlu* iinjn’essioti.-^ la/- 
ceiyed from tangible liodics. d'he op[iosilion to pi'cs.-.iire 
which a tangilvie body olhu'S h> ns, is noli shown in oiui 
direction only, Imtinall directions; a-iid so likewise is its 
tenacity. Suppose countless lines radiating from ilsecii- 
tre on every side, juid it resists along eacii of tlicst! lines 
and coheics along (‘acli of tiicso lines, iie-nce tiie <v)nsti- 
tntion of tliosc ultimate units througii tiio insi-rumcii- 
tality of wliich phenomena are inl;erpi'ct(Ml. Be Ihey 
atoms of i)0uderal)le matter or nioleeulcs of elher, fJu) 

- pi^pcities vv^e conctdvc tluan to possess are lUfihing tfsis 
than these perceptible properties idealized, (bnlivs of 
force attracting and repelling (xudi otlur in all <iire(.ti'ons, 
are simply insensible portions of niiitier Iniving ibeeiidow- 

nents common to sensible portions of urntter -mulowmenfs 

f which we cannot by any mcid;al clfort divest tliem. In 
rief, they are the invariable elomenls of tlie <;oneepti(m 
>f matter, abstracted from its variable (tlenieids- siv,* 
form, qnality, etc. And so to interpret numilestations of 
foico winch cannot bo taetnally experienced, we in'c tlie 
terms of thouglit supplied by our tactual expiwieiHH's; and 
tins for the sufficient reason that wo must use 1, lie.se or 
none. 

_ After all that lias been before shown, and after the hint 
given aJiovCj it needs .scarcely lie .said tliat tiu‘,se miiversidly 
coexistent forces of attraction and repnl.sioii must not bo 



FIUST PRINCIPLES. 


191 . 


as realities, but as our symbols of the reality. They 
lae forms under which the workings of the Unknow- 
^re cognizable by us — modes of the Unconditioned as 
p.ted under the conditions of our consciousness. But 
knowing that the ideas thus generated in us are not 
:;ttely true, we may unreservedly surrender ourselves 
,em as relatively true; and may proceed to evolve a 
. of deductions having a like relative truth. 

5. Troni universally coexistent forces of attraction 
repulsion, there result certain laws of direction of all 
lOQent. Where attractive forces alone are concerned, 
.fbher are alone appreciable, movement takes place in 
lirection of their resultant; which may, in a sense, 
i,lled the line of greatest traction. Where repulsive 
3 alone are concerned, or rather are alone appreciable, 
xnent takes place along their resultant; which is usu- 
I^inowii as the line of least resistance. And where 
attractive and repulsive forces are concerned, or are 
^ciable, movement takes place along the resultant of all 
ixactions and resistances. Strictly speaking, this last 
e sole law; since, by the hypothesis, both forces are 
■^vhere in action. But very frequently the one kind 
►Tce is so immensely in excess that the eflect of the 
• kind may be left out of consideration. Practically 
a ay say that a body falling to the Earth follows the 
of greatest traction; since, though the resistance of 
xir must, if the body be irregular, cause some diver- 
3 from this line (quite perceptible with feathers and 
s), yet ordinarily the divergence is so slight that we 
omit it. In the same manner, though the course 
X by the steam from an exploding boiler differs some- 
from that which it v/ould take were gravitation out 
xe question; yet, as gravitation affects its course in- 
isimally, we are justified in asserting that the escaping 
ol follows the line of least resistance. Motion then, 
lay say, always follows the line of greatest traction, or 
line of least- resistance, or the resultant of the two: 
Liig in mind that though the last -"is alone strictly 
^ the others are in many cases sufficiently near the 
1 for practical purposes. 

ovement set up in any direction is itself a cause of 
aer movement in that direction, since it is the em- 
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bodiment of a. surplus force in tliat diroctioii. This holds 
equally with the transit of matter tlii’oug-li space, the tran- 
sit of matter through matter, and the transit throiigii mat- 
ter of any kind, of vibration. In tlie case ol imiiic'r mov- 
ing through space, tins principle is expressed in the law 
of inertia — a law on which tlic calculations of ])!iysioal as- 
tronomy are wholly ba^sed. In tlie case of matter moving 
tlirongli matter, ^\’e trace the same truth under tlK‘ famil- 
iar ex])erienGe that any breach nuide by one solid tlirongli 
another, or any channel formed by a iluid tlirongli a. solid, 
becomes a route along which, other tilings equal, snlise- 
quent movements of like na-tiirc take place. And in 11 le 
case of motion passing through matter undm* tin* form of 
an impulse coinniunicated from jiart to part, tlie buds <d 
magnetization go to sliow that the estahlishnmnt. of iim 
duiatioiis along certain lines, deterniines (heir contiimaneo 
along those lines. 

It furtlier follows from tlie conditions, tliat I ho direction 
of movement can rarely if ever he |)orfcctly sl-raight. I^'or 
matter in motion to pursue continuously I.Ikj exact line in 
which it sets out, tlie forces of attraeiiou and repulsion 
must be symmetrically disposed around its [lath; and Uk* 
chances against tins are inlin i tely gr(.^at. Tlu! i m | lossi lii 1 i ly 
of making an absolutely true edge to a bar of metal- t he 
fact that all which can be done liy th('. liest nieclianieul ap- 
pliances is to reduce tlio irregularities of such an ('dge to 

amounts that cannot be perceived witlioiit magnihers - 

sufficiently exemplifies liow, in consequence of Uni uiisym- 
metrical distribution of forces around tlie line of mo\'e.- 
ment, the movement is rendered more or less indirect. It 
may be well to add that in proportion as the foreixs at 
work are numerous and varied, tlie curve a moving liody 
describes is necessarily com plex : witness Uu; contrast In !- 
tween the flight of an arrow and the gyrations of a stiefk 
tossed about by breakers. 

As a step toward unification of knowJiaJgc we liavfi now 
to trace these general laws tlirougliout the various orilers of 
changes which the Cosmos exhibits. We liavii to nol.c how 
every inotion takes place along the lino of greatest irac- 
tioii, of least roxsi stance, or of their resulf.ant; how tlie 
setting up of motion along a certain line heitorm^B a cause 
of its eontimuince along that line; how, nevctriliolcss, 
change of relations to external forces, always renders this 
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line indirect; and liow the degree of its indirectness in- 
creases with every addition to the number of influences at 
work. 

§ 76. If we assimio the first stage in nebular condensa- 
tion to bo the precipitation into lioccnli of denser matter 
previously dilTiised through a rarer medium (a supposition 
both pliysicaliy justified, and in harmony with certain 
astronomiiial observations), wo shall find that nebular mo- 
tion is inter[)retable in pursuance of tlio above general 
laU'S. ]i]ach portion of such vapor-like matter must begin 
to move toward tiio common conti’c of gravity. Tlie 
tractive forces whicli would of themselves carry it in a 
straight lino to tiie centre of gravity, are opposed by tlie 
resistant forces of tlie medium through which it is drawn, 
fldic direction of movement must be tlie resultant of tliese 
— a resultant whicli, in consequence of the unsymmetrical 
form of tlie flocculus, must bo a curve directed, not to the 
centre of gravity, but toward one side of it. And it may 
be readily sliown that in mi aggregation ol; such fioeculi, 
severally tluis moving, tliore must, liy composition of 
forc(}S, eventually result a rotation of the whole nobula in 
one (linM’.tioii. 

Moriily noting tins hypot/heti(;al iilustrjiticm for tlio 
j)!ir[)os«^ of showing how the law a.p{)iies to the case of neb- 
ular (iVoliitioM, sujyposing it to have taken place, let ns 
piiss to the |)heuomena of the Solar System as now fixhib- 
i(;e(l. llci’ii the g(oier«‘i.l [irinci ples above sot forth are every 
iustciit exemplified. Each planet and satellite has a mo- 
numl.iim wliich would, if acting alone, carry it forward in 
the direcl/ion it is at a,ny instant pursuing. Tliis rno- 
meiitum lienee acts as a rcsistjinco to niotioii in any oilier 
dii'isition. Eacli planet and satellite, Iiowevcr, is drawn liy 
a for<u; wliieli, if unopposed, would take it in a< straight 
line toward i{;s priimiry. And tluvrosul taut of those two 
for('i^s is tluit (uirve which it descrilios — a curve manifestly 
cous(‘.<jueii t on the inisyrnmetrical distribution of tlio forceps 
{iroimd its [latli. ''riiis path, wlicn more closely examined, 
supplies us witli furtlier illustrations. For it is not an 
exa-cd, (urelc or ellipse; which it would lie were tlie tan- 
gential and centrifietal forces the only ones concerned. 
Adjacent members of tlio Solar System, ever varying in 
their relative positions, cause what we call perturbations; 

13 
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that is, slight divergences in various direetions from that 
circle or ellix)se which the two chief for(‘es ^voul(I ]) roc luce. 
These perturbations scv(vrajly show us in minor <legr(‘es, 
how the line of niovoinent is the rosultiuif of all the forces 
engaged; a, nd how this line !)ecoines more <',om|d icated in 
proportion as the forces iti’o nui,lti|)lit‘rL I f insl«‘a(l of iJie 
motions of the planets and satellites a.s wliohes, wo consider 
the motions of their pjirts, we meet witii com|)a,rat i vcl}^ 
complex illiistra-tioiis, livery portioii of the Idirtl if s sub- 
stance in its daily rotation, dt^serihes a, curve wliiidi is in 
the main a resultant of that rosislaneo wliiidi, clu'cks its 
nearer apj)roach to tlie camtre of gra.vity, timt momentum 
wliicli would carry it olf at a. ta.ngcid, ami tliosii f<»recs of 
gravitation and cohesion whicli keep it from being so car- 
ried off. If tins axial mofion Ih* (‘imi{M Minded with the 
orbital motion, the course of card i paj’l< is seen to be a miieii 
more involved one. And wo timl it to Imvi* a still greater 
complication on taJving into a.ecount that lunar attraef ioii 
wliieli imiinly produces tlie tides and the preciMSsiou ol’ t he 
equinoxes. 

§ 77. Wo come next to terrestria.l elnuigi's: jiresmit ones 
as observed, and jiast ones as inferred by gtMdogisfs. I^et 
us set out with the hoin*ly-o(iciirring alt<u’alions in ilic 
Earth’s atmosphere; dfjsceiid to the siowm* alforalhms in 
progress on its surface; and tlieu to the still slower ones 
going on bemsath. 

Masses of air, ahsorlnng Iieat from surfaci's warrmal by 
the sun, expimd, and so lessen the widglit of the uf nnl- 
spheric columns of wliie.h tJiey an; jiarts. Hence they 
offer to adjacent atmos[)li(M’ic columns, diminishcil laicnd 
resistance; and tliese, moving in tlu^ dirci'liims of the 
diminished resistance, displace the expanded air; while 
this, pursning an upward course, dis|i]ays a motion almig 
that line in wliieli there is least pressure.* W Inm agaim by 
the ascent of such heated masses from extended areas like 
tlie torrid zone, there is produced at Hie uj»per snrfacr* of 
the atniosphere, a protuberanee beyoml tlic limits of ef|iiJ- 
librio rn— when- the air forming this juadaihcrancc begins 
to overflow laterally toward the poles; it docs S4) iNaaiuHc, 
while tlie tixictivo force of the Earth is mnirlv tin* Hamc, the 
lateral resistaiice is greatly diminished. And throitgiiont 
the course of eacli current thus generaliHl, as well as 
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tlirouglioiit the course of each coiniter-ciirrent flowing into 
thevacunm that is left, the direction is always the resultant 
of the Earth’s tractive force and the resistance oilered hy 
the surrounding masses of air: modified only hy conflict 
with other currents similarly determined, and by collision 
with prominences on the Earth’s crust. The movements 
of water, in both its gaseous and liquid states, furnish 
further examples. In conformity with the mechanical 
theory of heat, it may be sliown that evaporation is the 
escaq)e of particles of water in the direction of least resist- 
a,;Mce; and tliat as the resistance (which is due to the 
pressure of the waiter difl'nsed in a gaseous state) diniin- 
ishes, the evaporation iiicreases. Conversely, tliat rusliing 
together of particles called condensation, wdiicli ta.kes place 
when any portion of atmospheric vapor lias its temperature 
much lowered, may be interpreted as a diminution of the 
mutual ]_)ressure among the condensing particles, while the 
pressui’e oi; surrounding jiarticles remains the same; and 
so is a motion taking place in the direction of lessoned 
resistance. In tlie course follow^ed by the resulting rain- 
drops, we liavo one of tlie simplest instances of tlie Joint 
cifcct of the twu) antagonist forces. The l^arth’s attrax:;tion, 
and tlie resistance oi; atmosjdieric currents evor varying in 
direction and intensity, give as their r(‘,siiltants, lines which 
incline to the horizon in. countless diflerent degrees and 
undergo pcr|)etual variations. More clearly still is the law 
excmi)li:fied by these same rain-drops wlien tlicy reach the 
groiiud. In tlie course tliey take while trickling over its 
surface, in every rill, in every larger strca,;m, and in every 
river, we see tliem descendiug as straight as i.lie aiitagoiiism 
of sirrrouuding objects permits, l.h’om rnoinent to mo- 
ment, tlie motion, of wati.u- towaird tlie Eartli’s centre is 
o|)j)osed ])y the solid .matter aroii.nd and tinder it; a,:nd 
from moment to :moment its roidic is tlie resultant of tlie 
lines of grea/test ti'actioii and least resistance. Hofar from 
a (cascade furnisliing, as it seems to do, an exception, it 
lurnislies but a,not]i(a- illustration. For tliougli all solid 
ol)sl-a;eles to a verti<*.{i,l fall of tlie watm* are removed, yet 
tlie water’s liorizoiital momentum is an obstacle; and the 
|)a.ral)oIa in wliicli tlie stream leaps from tlie projecting 
ledge, is generated by the eomhined gravitation and mo- 
nuvnt.vim. It may lie well just to draw attention to the 
dc^gi'cc of compl(evii.y here produced in the lino of move- 
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ment by the variety of forces at work. In atmospheric 
currents, and still more clearly in water-courses (to wliieli 
might be added ocean-streams), the route followed is too 
complex to be defined, save as a curve of three dimensions 
with an ever- varying equation. 

The Earth’s solid crust undergoes changes that snnniv 
another group of illustrations. The denudation of lundK 
and the depositing of the removed sediment in new strata 
at tlie bottoms <)f seas and lakes, is a |)roc('.s.s tlirom>'b- 
out wbich motion is obviously determined in the same wav 
as is that of the water eirecting the transfiort. 
though we have no direct inductive proof that, the forces 
classed as igneous, expend themselves along limw of least 
resistance; yet wliat little we know of them is in liarmouv 
witlidhe heliel. that they do so. Martb(|uakes contlnuailv 
revisit the same localities, and special Iracts nndergr* for 
long pei'iods together siieecssii'o ehn-ations or sulisi(leiia>H 
— iacts which inijily tluil; {jortions of Iho 

Earth s crust are those most |)roue to A'ielil under the 
pressure caused by furtlu'r contractions, d’he distribution' 
of volcanoes along certain linc.s, as well as iln- fn-uiient 
reourrcnce of eruptions from the .same vents, are fuets of 
like meaning. ' 


J78. lhat organic growth takes i.laee in the direction 
of least resistanee, is a ).roposition (hat has been set forlli 
and ilJiistrated by Mr. dames Hinton, in ihe 
mriml Imnm for ()ctol,er 18.aS. After didaiJing a few 
of the early observations which led liim to this gmionil- 
mation, he formulates it thus: ueiai- 

Hrganic form is the resulfi of motion.’* 

‘-'Motion takes the direction of least resisfaiu'e " 

• "■»“ «>» 

After an elucidation and defence of tiiis nosition Mr 

di7 phenomena of dovclo|mient. Sp-.aliing of jdanfs he 

trfltio!wvfTi™‘f'™ ft*'*''’ "C*' « I'wmtifui ilhis- 
tratioa of the law of least resistanee, for if, .'rows In- iimin 

tm mg itsel , cell by cell, through Vl.e ir.h r .e hd d 

«odj ,t ,s by such minute addifious flmt it iilnLsili 

•ding and twisting wlntluimjcver tiie ubstucles it meets 
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jn itS' path cletormino, and' growing tliero most w'luiro t.lie 
nutintivo materiak aro added to it Tisost alnonlantly. As 
we look on tlie roots of a inigtity tree, it jip|)(*Mrs to us m if 
tliey luid forced themselves with giant vioknujo info thc! 
solid cartlu But it is not so; tlujy were led on gently, 
cell added to cell, softly as the dews descendiul, and the 
loosened earth made way. Onee fornuid, indeed, tluy i‘x- 
pand with an enormous power, l)iit tlie spongy eoiiditioit 
of the growing radicles utterly forhids tlie sui>i»osition tliat 
they aro forced into the earth. Is it not probuble, indeed, 
that the enlargement of the roots already forined may 
crack the surrounding soil, and ludp to make tljo i nterstices 
into which the noAV rootlets grow? ’’ ... 

‘‘ Througliout almost the wliole of organic nature tlia 
spiral form is more or less distinctly marked. Now, mo- 
tion under resistance takes a spiral dirtartion, as iiiay bo 
seen by tlie motion of a body rising or falli rig through 
water. A bubble rising rapidly in water (lescrifies a sfiiral 
closely resembling a c^orkBcrew, and a liody of iricalerato 
specific gravity dropped into water nmy Im mm to fall in 
a curved direction, the spiral tendeiu;}M)f whii^h may be 
distinctly observed. . . . In tin's prevailing spiral form 
of organic liodies, therefore, it appears t.o ring iluii t,here 
is presented a strong privut J)trie casci for ilut view I liavo 
maintained. . , , ^rhe spiral form t,lu» lirarudies of 
many trees is very apparent, and the iniiversaliy spinil 
arrangeinent of tlie kxivcis around tlie stem of plante neods 
only to be referred ^ to. . . . ''rho heaidw/amiineiieoB.iis a ' ' 
. spiral turn, and in its perfect forrn a iriaiiihrst spiral may 
be traced through the left; ventricle, right vmitritde, right 
aiiricic, left aurichi and appendix. Am! what is ihc! Mpiral 
turn in wlii<?h the heat coinrnenees Imt a ne(H*ssary result 
of the lengtluming, under a limit, of the ctdluiar'inass of 
which it then consists?*'. . , 

^“Everyone must have noti(;ed the peculiar curling up' 
of tlie young ksaves of the common fi^rtn l^he iippearunee 
IS as if thtHeaf wtu’e rolled,, up, hut in truth, tins form is 
merely a pliciiornenon of growth, 'flic <„;urviiiure rimiilk 
fromtlio increase of the leaf; it is only anoUm.r form of il,ie' 
wrinkling up, or turning at right miglm by oxtoiisioii urn 
cier liimtP'' 

,1, be roIIi,ng , up Of imbrication of tlie petals iii tniiny' ' 
llower-buds is a similar thing;, at an early iioriotl the smiifl 
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petals may be seen lying side by side, aJterward growing 
within the capsule, they become folded round one an- 
other.’* ... 

“If a llower-bud be opened at a siifficiontly early period, 
tlie stamens will be found as if moulded in tlie cavity 
between the pistil and the corolla, which cavity tlie antlmrs 
exactly hll; the stalks lengthen at an after-period. I Imvo 
noticed also in a few instances, that in those flowers in 
which the petals are imbricated, or hvisted together, the 
pistil is tapering as growing up between the petals; in 
some flowers which liave the petals so arranged in the laid, 
as to form a dome (as the hawthorn, c.y.j, tlie pistil is 
flattened at the apex, and in tlie bml ocuaijdes simcu) pre- 
cisely limited by tlie stamens ladow and the iuelosing 
petals above and at tlie sides. I liave not, lioweviu*, satis- 
fied myself that this liolds gijod in all eases.” 

Without indorsing all Wr. Ilintou’s illiisIraiioTm, to 
some of wliicli exception miglit he taken, ius eonelusion 
may be accepfced as a largo instalment of the iru th. i t is, 
however, to be remarked tluit in the ease of organic 
growth, as in all other eases, the line of moveinent is in 
strictness tlie resultant of tractive and resiBiant- forei‘H; 
and that the tractive forces here form so eonsideralile an 
element that the formula is scarcely complete without 
them. The shapes of plants are manifestly modified by 
gravitation: the direction of eacli liraiieh is not what it 
would have been were the tractive force of tlie Earl.li aliHcnt; 
and every flower and leaf is sornewhat altered in tlui course 
of development by the weight of its parts. 1’hough in 
animals sucli elTects are less conspicuous, yet tlu* insianccts 
in which flexible organs liave their dire(d.inns in great 
measure determined by gravity. Justify the assertion l liat 
tlirougliout the wliolo organism tJie forms of parts must 
be affected by this force. 

Tlie organic movements winch const! iaifc growth, nm 
not, however, the only organic movements to hit inlerprcitih 
There a, re also tliosc which constitute fuimtiom And 
tlirougliout tliese the same general jirinciphns arc diHcmm- 
iblo. . fliiat the vessels along whicli IVIooi'l, lyinjilg bile, and 
idl the secretions, find their ways, a, re cliarnltds' of lc‘aHt re- 
Bistanee, is a fact almost too (^onspimions to imnuil as an 
illiisfcration. Less {a)ns|>i(nions, howawm*, is tin* irnih, tliiii 
tlie currents setting along tliese vesseds arc aJii,fcl,cd by the 
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tractive force of the Earth: witneas varicoso yehis; ^ witness 
tlie relief to an itiflained part obtained by raiHiiig it; wit- 
ness the congestion of lujad and fam protluced by stoop- 
ing. And the that dro|)sy in the Icigs gets^ g,reator 
by day and decreases at night, while, cM>riv(vrsely, that 
aSdemiitons fulness under tlie eyes mmmon in debility, 
grows worse during tlie hours of reclining and {lecreasoB 
after getting up, shows us how the transudation of fluid 
tlirougli tlie walls of the capillaric5S varies actauMling as 
change of position changes the ellect of gravity in diiler- 
exit parts of tlio l)ody. 

It may lie well in passing just to nolo thcj bearing of i.lie 
principle on the deveIopmenl;s of s|KKues, hVoin a dy- 
namic point of view, natural selecdion” im|)Iies strruchnral 
changcB along lines of least resistjuico. The uiultiplicatiou 
of any kind of plant or animal in localities that are favor- 
able to it, is a growth where the aritogonistic 
loss than elsewhere. And tlie preservation of varieties that 
succeed bettor than their allies in coping with surround- 
ing conditions, is the contimiance of vital xuovement in 
those directions whore tlie obstacles to it are most eluded. 

§ 79. Throughout the plienomena. of mind tlie law 
OTiuMciated is not so nxidily <\sta.blisluxl- In a large part 
of tliem, as those of tiiouglit a-iid emot/ion, tluwe is no per- 
eeptibits movement. Even in sensation and volition, 
wliieli show us in one part of ilui body an effecit jiroduced 
by a force a{)pli(Kl to anotlior part, the intermodiato move- 
ment is inferential rather than visible. Buch indeed are 
tlxo diflicultieB that it is not possilile here to do more tfian 
briefly indicate the proofs which might be given did spaco 
permit. 

Supposing the various forxxis throughout- an organism 
to be jireviously in e(|nilil)rium, then any part- whitdi lie- 
comes the seat of a furtlnvr forci^ addisd or lilierated, must 
be one from which the force, being resisted liy smaller 
f Circes around, will initiate motion toward some otlier part 
of the organism. If (dscnvlutre in the orgardstn iiiero Is a 
point at whitdi force is htduig expmided, and whieJi so ii 
oecicmiing minus a foix'c whicdi it before^ had, insteiul of 
plus a force wliicii it hid’ore had pmt, and tints is made' 
a point at whiidi the reaetion against surrounding' forces 
is' ' dimi'iaished; then, manifestly, a n'lotioii taking place 
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between the first and the last of these points is a motion 
along the line of least resistance. Kow a sensation ini- 
plies a force added to, or evolved iiij tluit part of tlie or- 
ganism which is its seat; while a mechanical nioverneJit 
implies an expenditure or loss of force in tliat pa-rt of the 
organism wliicii is its seat. Hence if, as we find to l)c 
the fact, motion is liabifctially propagated 1‘rom tliose parts 
of an o]‘ganism to wliich the external worhl adds forces in 
tlie sliape of nervous impressions, to those parts of an or- 
ganism whicli react on the external world tiirougli nnistai- 
lar contractions, it is simply a fulfilnumt of tlio law above 
enunciated. From this general conclusion we may pass 
to a more special one. When there is anvil} ing in the 
circumstances of an animal’s life, involving that a sen- 
sation in one particular place is habitually ifdlowcd ly a 
contraction in another partitailar phuns— when tluna' is 
thus a fro(piently-repeated motion througli tin; organism 
between these places; what must be t!u} result as ri'Spetds 
the line along whicli the motions take jjlaru?? Itcsioralion 
of equilibrium between the points at wliit'li tlu* foi’ccsfuive 
been incroased and decreased must takii place tlirttU'^h 
some channel. If this channel is ai!ecto<l by the disebarge 
-if the obstructive action of the tissiies traVersed, involves 
any reaction upon them, deducting from tlunr obstrinduve 
power; then a subsequent motion betwetm tbese tw(} points 
will meet with less resistance along tin’s clnunu*] than ilu} 
previous motion met with; and will constMimaiily fake this 
channel still more de(rided]y. If so, every r(*p<dil i< m will 
still further diminish tlui resistanec oUVu’cd by this route; 
and lienee will gradiuilly h(} formed hetwei'U the tivr» a 
permanent line of connininicafiou, dilTeriiig gnaiily from 
the surrounding tissue in resiicet of tlumaiSf* with* wliieh 
force traverses it. Wo see, therefore, tha.,t if liefoveeii a 
..particular' impression and a particular nmiimt. asso(.*i«fi*i| 
with it, there is esM)lish(Hl a (aHiniadJ [uaHlmdug wlmi 
is called ndlox action, the law tliat motion fidtows the line 
■of least resistance, and that, if ila.^ (‘ondififum remiiiri 
constant, r(,tsistai)eo in any dirca'tievn is djm.iiiislrei|, by 'mo- 
tion occurring in 'that '<lir(‘cti(,m, supplies an e;\[':ilaiia.|.:it;u.i.. 
Witliout furtlun’ details it will be manifest timi a like in- 
terpretation may be gHmi to the sueeession of all of.lier 
iiemiiB changes. If in .-the surrownding.worid there are 
objects,' attributes, or actions, that usualiy occur togetiicr, 
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tlio effects BCYcraJly produced by them in tlie organism 
will bec'ome so connected by those repetitions wlncli we 
call exjiorieiioe, tliat they also will occur together. In 
j)r()p()ri.iou to the :fref|iiency with wliich any oxteriud cton- 
iiection of ])lienomena is experieuced, will be tlie strengtli 
of tlie answering internal (anmeetion of xicrvotis states. 
Thus tliei’e will arise all degrees of coliesion among nervons 
states, as tliore are all degrees of ca:)nlInon]u^ss airiong tlie 
sn r r < > n 1 1 ( I i ng (^oi x i sten ces in id sef | u o n ees tl 1 1 it gen era te 
tlieni: whence must result a general co]’res|K>ii(]ence bo- 
twe^en associated ideas and associated actions in the en- 
vironment.*^ 

’!riie relation between emotions and ardions may lie sim- 
ilarly construed. Asa first illustration let us oliservc] wbat 
happens with emotions that are undireeted liy volitions. 
These, like feelings in generaJ, expend theniBelves in,, 
geiiera-ting organic cluinges, and chiefly in nitiscnlar con- 
tractions. As was pointed out in the hist ehaptor, there 
result moverneiits of the involuntary and voluntary mus- 
cles, that are great in projiortion as the emotions are 
Btrong. It remains hereto he pointed out., however, tliat 
the order in which these muscles jire a;lTeeiod is explieafile 
only on the principle al)f>v(^ s(‘t forth, fichus, ii }>leasural)le 
or iiainful state of mind (»f but slight iutensity, docis little 
more than inerease tJu; |»ulsations of the lieart. Why? 
For tlu^ reason that the ndiition hetweeri nervous excitement 
and vascular contraction, being common to oveny genus 
and species of feeling, is tlie one of most frcKinent ropoti-', 
tion ; ' tliat hence the nervous connection is, in tlie ws,iy 
aliove sliown, tlie one wliicli olfers the least resisinnete to a 
disctliarge; and is ilierefore the one akrng whi<‘.h ii fiielile 
furce produces motion. A sentiment or iiassloii that is 
scnnewliat stronger, afinets not only Ihe liea/rt but the mus- 
cles of tlie far;e, aaid esf)C(‘ia.lly I, hose aroiuul the mouth. 
Here tlie liki» explanation ap|)lies; since iliesc muBcles, 
Inn ng botii com} larati vt^ly smah, and, for ] nirposcs of 
spcM‘ch, perpcdamlly us(*d, olTer less resisianee than otltcr 
voluntary niusc,h,‘s to the nervo-motor fonan By n, furtlicr 
inmaaise* of (‘motion thi^ resjiiratory mid vox'at muscles 
b(,!comc |,H.‘ri,H^ptib!y Finally, under strong .pas- 

•»* TIUh i«'ri HonuMvhat lojipuai'd, of hii Iriai not forth 

lo tho AV'o/om’ ff'*r Uiaiuary. IHW (cu* (WiU hKU; and 

ro«t4iIim tlie goro» of tfio fnf.otalial IlfUi of 

which wm 'withlatld for Urn rrmaiH givorrhi the prrfitoo to UMit work. 
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sion, tliG muscles in general of the trunk and limbs are 
violently contracted. Without saying tiuit the facts can 
be thus interpreted in all their details {a> task rec|niriiig 
data impossible to obtain) it may ])e safely said tliat tlie 
order of excitation is from inns<d,es that arc small and fre- 
qiientiy acted on, to tlioso which arc iairgm* and less fre- 
quently acted on. The single insbince of laughter, whicli 
is an undirected discharge of feeling tliat affects first the 
muscles round the mouth, then those of tlio vocal and respir- 
atory apparatus, then those of the limbs, and then tlioso 
of the spine suffices to show that when no spciHua route 
is opened for it, a force evolved in the nervous centres 
produces motion along cliannels wliich olTor tlie least, re- 
sistance, and if it is too great to escape b\^ iln^se, protluc(\s 
motion along chaimoLs offcriiig siictcessively gr(ad;cr resist- 
ance. 

Probably it will ho tlionght impossible to extond tliis 
reasoning so as to imdude volitions. \h‘t wo an^ not witli- 
out evidence that the traiisitioii from spervia! d(‘sirtjs to 
special muscular ants, conforms to the saino princijdtn It 
may be shown tliat the mental antecedents of a voiuulary 
movement, are antecedents which temporarily make the 
line along which this movement takes place, tlm line of 
least resi .stance. For a volition, sugg(*sted as it lujcessarily 
is by some previous thonglit <a)nnecte<l with it by associa- 
tions tliat determine the transition, is itsedf a refireHen- 
tation of the movements tliat arc willed, and of their 
sequences. But to riqn’ijsent in consciousiu^ss (tertain of 
our own movements, is jiartially to rouse the seiiHaf ions 
accompanyiiig siieh, movenumts, ’inclusive of ilmse. of mus- 
cular teuBion— is partially to excite trla^ apqu’opriaf e motor- 
nerves and all tlie other nerves implicated. Thai is to 
say, tlie volition is itself an incipient discharge along a 
line which previous experiences liavii rendered a line' of 
•least I'osistanco. And the passing of v(,)IitIon in, to m5t,ion 
is simply a completion of tlie distdnirge. 

One ' corollary from this must Ixi notial before j.iroi.ated** 
ing; namely, that the jiartirmlar set of iriiiBcnlar ' niove- 
ments liy wliicli any object of <l(*Hirc is naicluMi, a.ri? move- 
ments im])lji,ng the Bmallest total of tmooE to ho iworoonuo 
As each feeling generatcB motion a,lorig ila,! line of kmb 

pubmmi i» 



FIRST PRINCIPLES, 


m 


resistance, it is tolerably clear that a group of feelings, 
constituting a nioro or less eornplex desire, will gencriite 
motion along a series of lines of least resistance. Tliat is 
to say, tlie desired end will be achieved witlx the smallest 
exiKViulitiirc of effort. Should it he objected tlait tliroogli 
want of knowledge or want of skill, a man oftexi pursues 
the more laborious of two courses, and so overcomes a 
larger total of opposing forces tluin was necessary; tlio 
reply is, tlmt relatively to bis nieutal state the course he 
takes is tliat whicli jiresents the fewest difficulties. 
Tliough tliere is auotlier which in tlio abstract is easier, 
yet Iris ignorance of it, or inability to adopt it, is, phys- 
icaiilly considered, the existence ol; an insuperable obstacle 
to the discharge of his energies in tliat direction. Experi- 
ence obtained by himself, or communicated by otliers, lias 
not established in him such channels of nervous com- 
miinioa.tion as arc required to make this better course the 
course of least resistance to liirn. 


§80. As in individual animals, inolnsive of man, mo- 
tion follows lines of least resistance, it is to lie inferred 
that among aggregations of men, the like will liold good. 
Tlie cluinges in a society, lanng due to the joint actions of 
its members, the c-ourses of sneli changes will be deter- 
mined a,s arc those of all otlier cliangcs wrouglit by com- 
position of forces. 

'!lduis when we contemplate a society as an organism, and 
oliserve the direction of its growth, we find this direction 
to bo tliat in whicli the average of opposing forces is the 
least. Its units have energies to lie expended in self- 
maiutenanca and rcfiroduction. Idiese energies are^ met 
by various environing cmvrgies that are antagonistic to 
tbeni—tliose of geological origin, those of climate, of wild 
animals, of otlior liunuin races witli whom tliey are at 
enmity or in comiiid.itiom And the tracts the society 
spreads over, are those in wliicdi there is the smallest total 
aiitagiinism. Or, rediuung tlie matter to its ultimate 
terms, we may say tliat these socuil unit-s liave jiiintly and 
severally to pnxserve tliemsitves and their olTspring from 
tiume inorganic and organic forces which are ev(*r tending 
to destroy tliem (eJtIu‘r indin^etly by oxidation and by un- 
diie aslitraetion of heat, or dirc<tly'by iHKlily mutilation); 
that these forces are either counteracted by others which 
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are availablG in tlie sliape of food, clotliing, liabi tat ions, 
and appliances of defence, or are, as far as nniy bo, (iliided; 
and that population spreads in whiclicver directions tlioro 
is the readiest escape from these forces, or tlie least exer- 
tion in obtaining the materials for resisting tliein, or t)otlu 
For these reasons it happens tliat fertile valleys where 
water and vegetal produce abound, are early peopled. Him.- 
shores, too, supplying a large amount of easily-gathered 
food, are lines along which mankind luive cornitionly 
spread. The general fact that, so far as we (uui judge 
from the traces left by them, large soci (dies first ap|>ear(‘d 
in those tropical regions where tlio fruits of the earth are 
obtainable with comparatively little exertion, and where*, 
the cost of maintaining bodily head is but sliglit, is a faed 
of like meaning. And to tlu^sc*. instanc'es may l>e added 
the allied one daily furnishod by emigration; which we 
see going on toward countries |n’cseiiting tlio f(*wt‘st ol)- 
stacles to thcself-preserva,ti()n of individuals, and tlicsrcdVai^ 
to national growth. Similarly with that; rcsistiinci? to tlio 
movemt3nfcs of a society wuich neigld)orIng societies oiler* 
Each of the tribes or nations inhabitiug any region, in- 
creases in numbers until it outgrows its ineaiivS of subslst- 
enco. In each there is thus a force, ever pressing outward 
on to adjacent areas — a force antagonized by like forces In 
the tribes or nations occupying i.hose areas. And the 
over-recurring wars that result— “tlie eon(|U(?st.s of wcaikm’ 
tribes or nations, and tlic over-running of thcdi* territorifs 
by the victors, are instanccss of so(daI nH)V(vin(*iits iakirig 
place in the directions of liaist resistaneex Nor du flu? 
coxKpiored pcopica, when they es(:»a.pe (ixieriuiiiaticui or cm- 
slavement, fail to show ns movenumls that are simdurly 
determined. For migrating as tiny do to hxss feri ile 

gions— taking refuge in deserts or a,mong mouiitainK • 

moving in a direction where tine resistamjc to social grmvfh 
is comparatively great; tiny still do this only umler an 
exc(,\ss of pressure in all othtu’ directions: tln.t jdiysica] ob- 
stacles to stdf-preservation tiny (‘n(aa,ud.cr, hefng rca'Ily 
li^ss than the obstacleB offered by tlui <m(*mics fi^oin whom 
tiny fly. 

Internal social movements nmy also l)e tlius iiiterjuadotL 
foca,lities naturally fitted for prodmarig jairtictiliir com- 

yliti< 3 s — that is, localities in which suiih caaiimodities are 
the least cost of force— that is, localities in wliieli 
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the desires for tliese commodities meet with the least re- 
sistance; become localities especially devotecl to tlie ot)- 
tainment of these coimnoditit^s. Where soil and climate 
render wimat a profitable crop, or a crop from wlvicli the 
greatest amount of life-sustaining powder is gained by a 
given quantity of effort, the growth of wlioat IxMjoimts the 
dominant industry. Where wheat cannot be ecjcnioinically 
produced, oats, or rye, or maize, or rice, or |}oi»atoes, is 
tlio agricultural staple. Along sea-sliores men siijrport 
themselves with least effort by catcliing fisli; and hence 
choose fishing as tin <,>ccu])ation. And in. phn‘(*s tliat ere 
ricli in coal or metallic ores, the poprdation, finding that 
lal)or devoted to the rsiising of tliose materials lirings a 
larger return of food and clothing tlian wlum otherwise 
directed, becomes a population of miners, fidiis lust in- 
stance introduces us to the phenomena of exchange ; w'hich 
equally illustrate tlie general law. For the ])ractico of 
barter begins as soon a,s it facilitates tlic fuliilment of men’s 
desires, by diminishiug tlio exertion needed to rcatdi the 
objects of those desires. When instead of growing liis 
own corn, weaving his own cloth, sewing his own s1k)(*s, 
ea.cli man began to confine liimsitlf to farming, or weaving, 
or slnxmiaking; it was bi,‘cause eaitb found ii. more labor- 
ious to make (n'orytliing lie wanted, tlnm to mrdiimi great 
quanldty of one tiling and berita tlic surplus for the rest: 
by excliange, each proeunHl the lUHiessaries of life without 
encountering so mucli resistance. M'oreoviug in dcHiidiTtg' 
what commodity to produce, each edtize.n was, as lie is at 
the {iresent day, guided in the same manner. For besides 
tliose local (Kinditions which deternune whole Bcetions of 
a smuety toward tlic industries easiest for tliem, tlierc^ are 
also individual ccinditiouB and indivithial aptii.udes whieli 
to each citizen remler certain oiampations [ireferabJe; aiul 
in choosing those forms of activity whitdi tludr Hpeeial 
cinuiiiistaiiciis and faculties dictati*, iJiese social unitB are 
severally moving toward the ohjiads of their desires in the 
direcd.ions whicli present to them the fewest obstacles.;' 
fi'he process of transfer which mmnwreo prestipposes, sup- 
plies anotlier series of examph^s. Ho long as tlic forces to' 
1;ie overcome in procuring any neeesSHry of, lif(,i in .the dis- 
trict wl:iere it is. (‘Oi,isinned, are less tlian the forces to bo 
overcome rn procuring it from an adjacent district, ex- 
ciianga does, not take 'place. 'But when the adjacent' dis- 
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trict produces it with an economy that is not out-balanced 
by cost of transit— when the distanc'e is so small and the 
route so easy that the labor of conveyaneo i)liis tlie labor 
of production is less than tlie labor of prod iictioii in iho 
consuming district, transfer commences. iVloveiiUint in i.ln^ 
direction of least resistance is also seen in the estaldi.sli- 
ment of the channels along which intcircoursc*. takes pbican 
At the outset, when goods are carried on the l)acks of nimi 
and horses, the paths chosen are those wliicli eoudiine 
shortness with levelness and freedom from oljstacjles— ilioso 
wdneh arc acliievecl with the smallest exertion. .And in 
the subseciuent formation of each highway, tim euiirso 
taken is that which deviates lioriy.ontaliy from a straigh t 
line so far only as is needful to avoid veid/icaii de lat ions 
entailing greater labor in drauglit, ddie smuMt‘st tola! of 
obstractive forces determines the route, evmi in Htumsingly 
exceptional cases; as where a detour is made to a.void tlm 
opposition of a landowner. All sul>sequtmt ini]}r<)Vt*!mmts 
ending in macadamized roads, canals, aiid railways, which 
reduce tlie antagonism of friction and gra-vity to a mhii- 
miim, exemplify tlio same truth. After there to 

be a choice of roads between one point and anoilier, we 
still see that the road cliosen is that along whicli the cost 
of transit is the least: cost being tlie measure of reBiBt- 
aiice. Even where time Ixdrig a considevration, tlie inore 
expensive route is followed, it is so l)taaiuse tlie loss of 
time involves loss of force. When, division of lalHir hav- 
ing been carried to a consideralile v-xUmi aial means of 
communication made easy, there aristas a mai’kcal haail- 
ization of indiistries, tlie rehitive gi'owtlis of tin; prjjm- 
lations devoted to them may be iiikoquvttnl f he siiiue 
principle. The influx of people to eaeli indtistriul eeniriq 
as well as the rate of multiplication of those; already Jri- 
habiting it, is determined by tlm payment for labor;* tliiit 
is— by the quantity of (xiniinodities wliitdi a given lunount 
(if . effort will obtain. . To BJiy that artisans flock to phiees 
•where, hi conse(|uonee of facilities for production, an 'extra 
projiortion of {irodinai can be given in th%i shapt* of wages; 
is to say that they iI.oc;k to places where tlare an* the Hjindl- 
est olistijicles to tlm support ui' tlumiselves and fariiities. 
lien(;e, tlie ra.i')ld imu’ease of numlicr wliieli oianirsjn suc'h, 
places, is really a social growth at points where,, ilm op,|>oar 
ing forces, are the least. 
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Nor istholawksss dourly to be traced in those funetiontd 
cliangca daily going on." 'I’lio flow of capital into busi- 
nessoa vidding tiie. largest returns; the buying in the 
cheapest nnirkot and selling in tlie dearest; tlie introduc- 
tion of more {■eonomieal modes of manufucture; the de- 
vdojiment of better ngeneiesfordistributian; and all thosso 
Viiriations in the currents of trade that are noted in our 
newspapers and telegrinns from hour to hour; exhibit 
movement taking place in directions where it is met by 
tlie smalkist total of optiosing forces. For if we analyze 
each of these changes— -if instead of interest on capital wo 
I'cad finrplns of products which, remains after inaintciianco 
of laborers; if wo so interpret hirgo interest or large sur- 
plus to imply labor expended wdth the greati,^st results; and 
if labor expended with the greatest results means muscular 
action so directed as to evade obstacles as fur as possible; 
wo see that all these comniereial plieiiomena are compli- 
cated motions set up along lines of least resistance. 

Objections of two opposite kinds will perhaps be m_ado to 
these sociological applications of the law. lly some it may 
be said tliat the term Ibrco us byre vised, is vised metaphori- 
i,()speak of men us imprllfd in eerlain directions 
by certain desii'cs, is a lignre ol sjieech and, not the stalie- 
incut of a |iliysicul fact, ' fl'lie reply is, that ihe foregoing 
illustrations a.rc to lie inlcrprei.ed literally, and tliat the 
processes described are pliysieal ones, fl'he pressure of 
hunger is an actual force— a sensation implying some state 
of nervous tension; and the muscular actiinv which the 
seiisailon prompts is really a cliscliargo of it in the shape 
of bodily motion-— a discharge which, on analyzing the 
mental acts iivviilved, will be found to follow lines of least 
resistance. Hence the motions of a society whose niem- 
liors arc impelled by this or any oldier desire, are aetnally, 
and rnit melupliorically, to be understood, in the manner 
sliown. An opposite olijcetivm may possibly he, that the 
severai illustrations given are elaborated truisms; and that 
the law of direction of motion being once rceognized, 
the fact that social movements, in common with all otliers, 
must conform to it, follows Inevitably, fl’o this it may bo 
rejoined, that a mere abstract assertion tliat social move- 
meuts must do this, would carry no conviction to tlio nia- 
jority; and that it is needful to show Aotc they do it. 
For social phenomena to bo unified with phenomena of 
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simpler kinds, it is reqi^isite that such generalizations as 

tliose of political economy shall be reduced to equivalent 
propositions expressed in terms of force and ruoiioii. 

Social movements of these various orders senu'uily con- 
form to the two derivative princi])los named at tiu) outset* 
In tlie first place we may observe liow, once set u|) in given 
directions, such movements, like ail others, tend to con- 
tinue in those directions. A commercial mania or paiue, 
a current of commodities, a social custom, a political agi- 
tation, or a popular delusion, maintains its course for a 
longtime after its original soiu’ce has ceased; and requires 
antagonistic forces to arrest it. In the secoud place it is 
to be noted that in proportion to the conqilexity (>t social 
forces is the tortuousness of social movements, llie in- 
volved series of muscular contraid»ions goiu^ through by 
the artisan, tlia.t he may get the wherewithal t.o Imy a 
loaf lying at the baker’s lu-xt door, sliow us how extreiuo 
becomes the indirectness of motion wlien the agencies at 
work become very numerous — a trutii still Iieider illustrated 
by the more public social aidious; as tliose which end iii 
bringing a successful man of busiuess, toward tiie close of 
las life, into Parliament. 

§ 81 . And now of the general trutli set forth in tliis 
ehapter, as of that dealt with in tlie last, let ub ask — what 
is our ultimate evidence*? Must wo aeeept it simply as an 
empirical generalization*? or may it lie establisiied as a 
corollary from a still deejicr truili? Tim rtaider will an- 
ticipate tlie answer. We shall find it deducible from tiiut 
datum of consciousness which uiulerlies all scJimce* 

Suppose soYoral tractive forces, variously dinaifetl, to 
be acting on a given body* ^By what is known anioiig 
matiicmaticians as tlie composition of forces, iiunn inay lie 
found for any two of tliese, a single force (if smjh arruiunt 
and direction as to produce on the liody an exactly 
effect. If in tlie direction of each, of tlumi tlu*rc. t.)e drawn 
::a straight line, and if the lengths of iliese two straight 
lines be made proportionate to the amouiit^s of tlie forces; 
and if from the end of each lino tlierC' lie dniwn a line 
parallel to the otlie,r, so as to compltd-e a {mridk*Iograin ; 
then the.' diagonal of this . [larallelogriyn roimmnU the 
amount and direction of 'a forcan^liat is eipilvalent to 
two.^ .:'Buch a resultant force, 'asdt is eiilled,, may be fomicl 
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for any pair of forces tlirougliout the group. Similarly, 
for any pair of such resultants a single resultant may ho 
fouiui And by repoatiiig this course, all of them may 
1)0 reduced to two. If these two are equal and opposite — ■ 
that is, if there is no lino of greatest traction, motion does 
not take plac.o. If they are opposite but not equal, motion 
takes place in the direction of the greater. And if tliey 
are neitlier equal nor opposite, motion takes place in the 
directi(m of their resultant. ¥ov in either of these cases 
tliere is an luiantagonized force in one (liroction. And 
tliis residuary force that is not neutralized l)y an opposing 
one, must move the body in the direction in which it is 
acting. To assert the contrary is to assert that a force can 
be expended witliout eifect— without generating an equiva- 
lent force; and by so implying that force can cease to ex- 
ist, tills involves a denial of tlxo persistence of force. It 
need scarcely bo added that if in |)lace of tractions wo take 
resistances, the argumbnt equally holds; and that it holds 
also where both tractions and resistances are concerned, 
Tlius tlie law that motion follows the lino of greatest trac- 
tion, or tlie line of least resistance, or the resultant of the 
two, is a necessary deduction from that primordial truth 
whitih transcends proof. 

Iicdiu!C the proposition to its simplest form, and it be- 
conK‘.s still more obviously conscfiuont on tlie persistence of 
force. Bup])Ose two weights suspended over a pulley or 
from the ends of an equal-armed lever; or better still — 
Biipposc two men pulling against each other. In such 
cases we say that the lieavier weight will descend, and that 
the stronger man will draw the weaker toward him. But 
now, if wc arc asked how we know wliicdi is the heavier 
weight or the stronger man; wo cum only reply tliat it is 
tlie one producing motion in the direction of its pull. 
Our only evidence of excess of forexi is the movement it 
produces. But if of two opposing tnwvtions wo c^an know 
one as greater tlian the other only 1 )y tlio motion it gener- 
ates in its own direction, tlien the asBcrtion that motion 
<)ceiirB in tlie direction of greatest traction is a truisnn 
When, going a step furtlier back, we seek a warrant for 
tbe assumption that of the two conflicting fore(^.s, that is 
tlie giHaiter wlrit^h pn>du motion in Its own direction, 
we fiiul no other than the conBciousness that siich part of 
the greater force as is uiineutralized by the lesser, must 
' ''14 ' 
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produce its effect — the conscionsness that this residuary 
force caunot disappear, but must manifest itself in some 
equivalent change — the consciousness that foi'ce is per- 
sistent. Here too, as before, it may Iks remarked that no 
amount of varied illustrations, like tliose of wliicli this 
chapter mainly consists, can give greater certainty to the 
conclusion thus iinmodiately drawn from tlie ultiniate da- 
tum of consciousness. Ifor in all eases, as in tlio simjdo 
ones Just given, we can identify the greatest force only hy 
the resulting motion. It is impossible for ns (>vcr to get 
evidence of the occurrence of motion in any other direc- 
tion than that of the greatest force; .since o'ur nnaisuia; of 
relative greatness among forces is tlieir relative power <tf 
generating motion. And clearly, wliile the eoniparativo 
greatness of forces is thus determined, no rnnltiplication 
of instances can add, certainty to a law of direction of 
movement which follows immediately from ilm persist, once 
of force. 

From this same primordial tnitli, ton, may Ik- deduced tlm 
principle tliat motion ouec S(d. nji along any line, iiccomcs 
itself a cause of subsequent motion along that line 'Flic 
mechanical a.xiom that, if hvft to it.sel:l’, inatter .moving in 
any direction will eontimie in that direetion witli 'iin- 
diminished velocity, is Imt an indirect assertion of the 
persistence of force; since it is an assertion that tlm force 
manifeste_d in the transfer of a body along a (•(‘rf.ain length 
of a certain line in a certain time,’eann<»t disapiicur witli- 
out producing some equal manifestation — a manifcHtidion 
which, in the absence of conflicting hn-cc.s, must lie a fur- 
ther transfer in the same direction at (he same veha-ity. 
In the case of matter traversing matter tlm like inferenco 
is necessitated. Here indeed the atdions art; much moro 
complicated. A liquid that follows a (urrtuin cimniml 
through or over a solid, as water along ttio Kartli’s surface, 
loses part of its motion in the shape of heat, through fric- 
tion and collision with the matters forming its lied. A 
further amount of its motion may be ah.sorhed in ovim- 
coming forces which it liberates; as whim it loosens a muss 
which falls into, and blocks up, its channel. But after 
these deductions hy transformation into other rnodeK of 
force, any further deduction from the motion of the water 
IS at the oxponp of _a reaction on tlie channel, wliich liy 
so much diminishes its obstructive power: such reaction 
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being sliown in the motion acquired by tlie detaclied por- 
tions which are carried away. The catting out of river- 
courses is a perpetual iiiiistratioii of this truth. Still more 
involved is t];ie ease of motion passing through matter by 
impulse from part to part; as a nervous disclnirgo through 
animal tissue. Some chemical change may be wrought 
tiiongtbe route traversed, wliicli may render it less fit than 
before for conveying a current. Or tlie motion may itself 
be in {)art nietamorphosed into some ol)stn:ictive form of 
force; as in metals, the conducting power of wliicli is, for 
tlie time, decreased l)y the lieat which the |)assage of elec- 
tricity itself generates. The real question is, liowever, 
what structural modification, if any, is |)roducc{l tlirmigli- 
ont tlie matter traversed, apart from indthutal disturbing 
forces — apart from everything but the neceHmf tf resistance 
of the matter: tliat, namely, which results from the inertia 
of its invits? If we (ionfino our attention to tliat part of 
tlie motion wlrich, escaping transformation, continues its 
course, then it is a corollary from tlie persistence of force 
that as mucli of this remaining motion as is taken up in 
changing the positions of tho units, must leaive these by 
so much loss able to obstruct subsequent motion in the 
same direction. 

'’.[’’lius in all tlio c.hanges luu’ctofore and at present dis- 
played by tlui 8ohu* System ; in all those that have gone on 
and arc still going on in tlie Earth's crust; in all prooesBOS 
of organic <levelo|)ment and function; in all mental actions 
and thc3 eflc(its they work on the body ; and in all modifi- 
cations of structure and activity in societies; tlie implied 
inovcunents jirc of necessity determined in 'tlie manner 
above set fortlu Wherever we sec motion, its dircuition 
must he tliat of the greatc^st force. Wheroveu* we see the 
greatest forcii to lie aiding in a given dii’CKvtiou, in that 
direction motion must ensue. 1'heso arc not trutlis hold- 
ing only of one class, or of BciiruKilasses, of pherKiineini; 
but tliey arc among those universal truths by which our 
knowledge of pliejiomena in general is uiiifietl 
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THE RHYTHM OP MOTTOH. 

§ 82. Whek the pennant of a vessel lyiiipf becalmed first 
shows the comiBg breeze, it does so by gentle nmiulations 
that travel from" its fixed to its free end. IbTJscviitly tin) 
sails begin to flap; and their blows against the iriast iri- 
crease in rapidity as the breeze rises, liven wlieii, bidiig 
fully bellied out, they are in great part steadied !>y tiio 
strain of the yards and cordage, their free edgits I remldo 
with each stronger gust. And should there conui a gab*, 
the jar that is felt on laying liold of the shrouds shows that 
the rigging vibrates; while the rush and wliistle of ilie wind 
prove that in it, also, rapid undulations are generated. 
Ashore the conflict between the current air and tlie 
things it meets results in a like rliytliinieal jietion. ^riie 
leaves all shiver in the blast; each hrancli oseillates; jind 
every exposed tree sways to and fro. ^rije tila h's of gra.ss 
and dried bents in the meadows, and still lietter the st.alks 
in the neighboring corn-fields, exhibit tlio same rising and 
falling movement- Nor do the more stable ohjec.ts fiii! to 
do the like, though in a less manifest fashion; m witness 
the shudder that may be felt throxighoiit a hoiiw^ during 
the paroxysms of a violent storm. Streams of waiter pro- 
duce in opposing objects tlie same general efbxds as do 
streams of air. Submerg(ui weeds growing in the middle 
of a brook, undulate from end to end. Ihainehes l):rouglit 
down by the last flood and left entangled at tiie laxtimn, 
whore the current is rapid, are thrown into a sta.te of u|i- 
and-down movement that is alow or <|uick in i)ro|>orti<>n m 
.they are large or small; and where, as in grtait rivtjrs like 
'the ' Mississippi, whole trees arc tlius iicvld, the niitua 
“sawyers/' by which they are locally km.n\m, miilliiimrtly 
describes the rhythm produced in iJxom, .Noitj jigain ilie 
effect of the antagonism between the current and its 
nel. In shallow 'places, where the a(jti(,m i,)f i-ho l')ot4;oi:n 
on the water flowing over it- is visible, we see a rlixplc! pro- 
duced— a series of 'undulations. .Ami if ■ we 'Study 't}..ie 
action and reaction going on b'Ctween tl.m m(,)ving" iluiil 
.and, its 'banks, 'we still find .-the principle .iliustm'tecl, .though 
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in a different \yay. For in every rivulet, as in tlie nnippcd- 
out coiirBe of every great river, the bends of tlie streani 
from side to side throngliout its tortnoiis coarse constitute 
a lateral nndnlation — an undulation so inevitable that 
even an artiticially straightened channel is eventually 
changed into a serpentine one. Analogous plienonien'a 
may be observed where the water is stationary and the 
solid matter moving, A stick drawn laterally tliroiigli 
the water with much force, proves by the tlirol) which it 
comniunicates to tlie hand that it is in a state of vibration. 
Fven wliore the moving body is massive, it only requires 
that great force should he applied to get a sensible eihH't 
of like kind: instance the screw of a scrcw-stcarner, wlii(di 
instead of a smootli rotatioix falls into a ra|)id rliythm tliat 
sends a tremor through tlio whole vessel. '^I'he sound 
which results when a how is drawn over a violin-string, 
sliows us vibrations produced by the movement of a solid 
over a solid. In lathes and planing machines, tlie at- 
tempt to take oil a thick sliaving causes a violent jar of 
the whole apparatus, and tlie production of a series of 
waves on tlie iron or wood tliat is cut. Every boy in 
scraping his slate-pencil finds it scarcidy |)OBsil)le to help 
nmking a ridged surface. It you roll a ball along tlie 
ground or over tlie ice, there is always :mort3 or less up-and- 
down ni()vemcntr- a movement tlnit is visililo while the 
velocity is (ymsiderable, Imt becomes too small and rapid 
to bo seen by the unaided eye as the velocity diminishes. 
However smooth tlio rails, mid however perfectly built the 
carriagcis, a railw^ay train inevitably gets into oscillations, 
l)oth lateral and vertical. Even wliere moving matter 
is suddenly arrested by collision, the law is still illus- 
trated; for both the body striking and the body struck 
are made to tremble; and trembling is rhytlimiiairmove- 
ment. Little as we haliitually observe it, it is yet (tertain 
that the impulsoB our actions impress from nioment to 
moment on surrounding objects, are )Tr<ipagat(al tln-ougli 
them in vilirations. It rn^eds but to look tliroiigli a tele- 
HCO|Hj of liigh power, to be <;onvincc<i Liat each pulsation 
of tlie lieart gives a jar to the whole room. ^ If we pass, to 
mo'tic„)ns of anotlier onler — tliose, namely, which take place 
in, tluj etliereal medium — we still find the same tiling. 
Every fresh discovery , confirms the hypothesis: that,. light 
.consists: of , undulatio,ns*, ■The , rays of Ixcat, too, are now 
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foxmd to have a like fundamental nature: their iiiKlula- 
tions differing from those of light only in their coinjfara- 
tive lengtlis. Nor do the movements of electritrity fail to 
furnish us with an illustration; tliongh one of a. diilVifimt 
order. The northern aurora may often be ol).scrvc?d to 
pulsate with wares of greater brightness; and the electric 
discliarge through a vacuum sliows us by its stratified 
appearance tliat the current is not uniform, but comes 
in gushes of greater and lessei’ intensity. fShouid it be 
said that at any rate there are some motions, jis tliose of 
projectiles, which are not rhythmical, tlio rciply is, tliat 
tlie exception is apparent only; and that these, motions 
would be rhythmical if they were not iuierruptccL It is 
common to assert that tlio trajectory of a cannon-ball is 
a parabola; and it is true that (omitting atmosplieric re- 
sistance) tlie curve described diffei’s so slightly from a 
parabola that it may practically he ngurded as one. But, 
strictly speaking, it is a jiortion of* an extremely eccentrie 
ellipse, having the Earth’s eentre of gravity fur Its rcmot(jr 
focus; and but for its arrest by the substaiici* of the Ifarth, 
the cannon-ball would travel round that focus a, ml ref«urn 
to the point wlionce it started; again to repeat this slow 
rhythm. Indeed, while seeming 'at first sight to do the 
reverse, the discharge of a cannonfurnishes one of tlic best 
illuBtrations of tlio princi|)le enune-iateil. IduM^xplosion 
prodiiceB violent uiidulations in tlie surrounding air. 
Thowhizy. of the shot, as it Hies toward its mark, is due 
to anotlier series of atmosplieric undulations. And the 
movement to and from the Earth’s iurntrig wliiidi the 
cannon-ball is beginning to perform, iaung clieekctl liy 
solid matter, is transformed into a rhytlim of anotlier 
order; namely, the vibration which tlie blow semis through 
neighboring bodies,’*^ 

Ehythm is very generally not Bimplo but com|)oitmL 
There are usually at work various fiirces, causing u ml illa- 
tions differing in rapidity; and lumee it continiuillv hap- 
pens that besides the primary, rhythms tluuat arc H(*ta’mi]ary 
rhythms, produced by the periodic t•()iI^ci<lc^ncc and antag- 
onism of the ^ primary ones. Double, tri|d,is and cvc*ii 
quadruple rhythms, are 'thus generated. Oiui of tlie siim 
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plest instances is afforded by \vliat in acoustics are known 
as beats:” reciuanng intervals of sound and silence which 
are perceived wlien two notes of nearly the same pitch are 
struck togxvther; and whicli are due to the alternate cor- 
resp()iiderice and antagonisin of the atmospheric waves. 
In like inanner tlie various phenomena due to what is 
cjilled interference of light, severally result from the peri- 
odic agreement and disagreement of ethereal undulatioms 
—undulations which, by alternately intensifying and neu- 
tralizing eacli otlier, produce intervals of increased and 
ditninished liglit. On the sea-shore may be noted sundry 
instances of com|)Ound rliytlirn. We have that of the 
tides, in whicli tlie daily rise and fall undergoes a fort- 
nightly increase and decrease, due to the alternate coin(3i- 
dence and antagonism of tlie solar and lunar attractions. 
We have again that which is perpetually furnished by the 
surfaco of the sea: every large wave bearing smaller ones 
on its sides, and these still smaller ones; with the result 
tiiat eacli flake of foam, along witli tliu portion of water 
bearing it, undergoes minor ascents and descents of several 
orders wliilo it is being raised and lowered by tlic greater 
billows. A fjuite diiferent and very interesting example 
of compound rliythm occurs in tlie little rills wliicli, at 
low ti(hg run over the sjuid out of the sliinglo lianks above. 
Wlicre thccliannelof one of tliose is narrow, and tlio stream 
]*irns strongly, the sand at tlie bottom is raised into a series 
of ri(lg<‘s c{)rros|)onding to tlio^ idpple of the water. On 
watching for a short time, it will be seen that these ridges 
are being raised higher and the ripple growing stronger; 
until at length, the action becoming violent, the whole 
series of ridges is suddenly swept away, the stream runs 
smoothly, and tlie process commences afresh. Instances of 
still more complex rliythms might be added; l:>ut tliey will 
come more appropriately in cionnection with the several 
kinds of cosmical clianges, hereafter to be dealt witli. 

From the ensimible of tlie facds as aliovc set fortli, it will 
be seen that rliythm results wberever t.here is a conflict of 
forces not in equilibrium. If tlie antagonist forces at any 
poiiit are Ixalaiuaid, -there is rest; and in the absence of 
motion tliere can of course be no rliytlim. lint i,f instead 
of a balance there is an excess of force in one direction— if, 
as necessarily follows, motion is set up in .that .direction;' 
tlien for that motion to 'continue- uniformly in that direc- 
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tioB, it is requisite that the moving matter should, not- 
withstanding its unceasing change of place, present un- 
changing relations to the sources of force by which its 
motion is produced and opposed. This, however, is iinpos- 
pible. Every further transfer through spiu^e imivSt alter tlie 
ratio between the forces concerned— must increase or 
decrease tlie predominance of one force over the otlici’— 
must prevent uniformity of movement. And if the move- 
ment cannot he uniform, then, in the absem^e of acujt'le- 
ration or retardation continued through infinite time arul 
space (results which cannot be conceived), the only aiter- 
native is rhythm. . 

A secondary conclusion must not be omitted. In the 
last chapter we saw that motion is never ahsoluttdy recii- 
linear; and here it remains to Ido added t.luit, as a con- 
sequence, rhythm is necessarily ineomi>letc. A truly 
rectilinear rhythm can arise only wlien t.he oiqiosing forces 
are in exactly tlie same line; and the proliahilitics against 
this arc infinitely great. To generate a perfcadfy circular 
rhythm, tlie two forces concerned must l>e exardly a.i right 
angles to each otlier, and must liave exactly a certain ratio; 
and against this the probabilities arc likewise infinitely 
great. All other proportions and directionB of tlie two 
forces will produce an ellipse of greater or less eccentricity. 
And when, as indeed always happens, above two forcies are 
engaged, the curve described must be more complex ; ami 
cannot exactly repeat itself. 8o tiuit in fa(:d througluiut 
nature, this action and reaction of forces never brings about 
a complete return to a previous state. Where, ilie movi*- 
ment is much involved, and es|)ecia]ly \v!iere it is tiiat of 
some aggregate whoso units arc partially indepmulont, 
anything like a regular curve is no longer tracealdc; wo 
see nothing more tlian a general oBcillatiom And on the 
completion of any periodic movement, the degree in whicli 
■' tlie state' arrived at differs from the state dciiarted f rcan, is 
usually marked in proportion as the influenccB at work are 
numerous. 

§83. That spiral arrangement so general among the 
more diffused nebuhe — an dirrangoment wliicli must be 
assiimod by matter moving towiird a cent'rcnof gravity 
through' a resisting' medium — shows' ns tlm I'lrogressive 
establishment of revolution, and therefore of rhythm, in 
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those remote spaces which the nebulse occupy* Double 
stars, moving roinid common centres of gravity in periods 
some of wliicli are now ascertained, exhibit settled rhyth- 
mical actions in distant parts of onr siderial system. And 
another fact wliich, though of a different order, has a like 
general significance, is furnished by variable stars^ — stars 
whicli alternately brighten and fade. 

TliG periodicities of the planets, satellites, and comets, 
are so familiar that it would bo inexcnsiible to name them, 
were it not needful hero to point oi;it that they are so many 
grand iUustrations of tiiis general law of movement. But 
besides the rttvolntions of these bodies in their orbits (all 
more or less eccentric) and their rotations on tlieir axes, 
the solar system presents us with various rliythms of a loss 
manifest and more complex kind. In each planet and 
satellite there is the revolution of the nodes — a slow change 
in tlie position of the orbit-plane, which after completing 
itself coiiimeuees afresh. There is the gradual alteration 
in the length of the axis major of tlie orbit; and also of its 
eccentricity: botli of which are rliythraical alike in the 
sense that they alternate l)otween maxima and minima, 
and in tlie Btjnso that tlie progress from onci extreme to the 
otlier is not uniform, hut is made witli fiuctuating velQC- 
ity. Ifiien, too, there is the revolution of the line of 
apsides, which in course of time moves round the heavens 
— not regularly, but through complex oscillations. And 
fiirtlier we have variations in the directions of the plane- 
tary axes^ — that known as nutation, and that larger gy- 
ration wlu(di, in tlie case of the Earth, causes the precession 
of the equinoxes* These rhythms, already more or less 
compound, are eorapounded with each other. Sucli an 
instance as tlie secular acceleration and retardation of the 
moon, consequent on the varying eccentricity of the 
j^artli’s orbit, is one of the simplest. Another, having 
more iinportaiit consequences, results from the changing 
direction of the axes of rotation in planets whose orliits 
are dtH-idtsdly eccentric. Every jilanet, during a certain 
long javriod, presents more of its nortliern than of its 
soutliern liemispliere to the sun at tlie time of its nearest 
approach to liirn; and then again, during alike period, 
presents' more -of its' southern hemisplierethan of it's north- 
ern-— a, recurring coincidence which, though can Bing in 
Bome planets no sensible alterations of climate, involyes in 
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the case of the Earth an epoch of 21,000 years, during 
which each hemisphere goes through a cycle of temperate 
seasons, and seasons that are extreme in their heat and 
cold. Nor is thivS all There is even a variation of this 
variation. For the summers and winters of tlio whole 
Ear til become more or less strongly contrasted, as the ec^- 
centricity of its orbit increases and decreases. Ilenco diir- 
ing increase of the eccentricity, tlie epochs of moderiitely 
contrasted, seasons and epochs of strongly contrasted sea- 
soBvS, through which alternately eacli homispliere passes, 
must grow more and more different in th(3 (:legre.es of tlieir 
contrasts; and contrariwise during decrease of the ec(*cn- 
tricity. So that in the quantity of light arirl lieat which 
any portion of the Earth receives from the snn, there goes 
on a quadruple rhythm: that of day and night; tliat of 
summer and winter; that due to tlie changing ])osition of 
the axis at periheiion and a|)helion, taking years to 

complete; and that involved by tlie variation of the orliit's 
eccentricity, gone through in millions of years. 

§ 84. Those terrestrial processes whose dejiemlenco on 
the solar heat is direct, of course exhibit a rhythm that 
corresponds to the periodically changing anioimt of heat 
which each part of the Eartli receives. The Bim|>ieBt, 
though the least obtrusive, instance is sujiplied Iiy tlie 
magnetic variations. In these there is a diurnal inenaise 
and decrease, an annual increase and decrease, and a de- 
cennial increase and decrease; the latter answiiring to a 
period during whicli the solar sjiots liecome alternately 
abundant and scarce: besides which kimwn variaiaoiiB 
there are probably otlior corresponding witli l.he astrevnom- 
Ical cycles just described. .More obvious (*xamples are 
furnished by the movements of tlie ocean and tlie atmo- 
sphere. Marino ouiwents from tlio e(fuutor to the pokm 
above, and from the polos to the equator lieiuaitli, sliow im 
an unceasing backward and forward motion tliroiigliout 
this vast mass of water— a motion varying in amount ac- 
cording to the seasoiiB, and compoumled witli Bnialler like 
motions' ^of local origin. Tlie' similarlV'Causcifl general 
currents in the air, have similar annual variations Himilarly 
modified. Irregular as they_ are in <letail, we Htill Bee in 
the, monsoons and other tropical .atmospheric dkturbanciss, 

>r '.eveU' , in . our own . equinoctial gales .and' spring , east 
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winds, a porJodicity sufficiently decided. Again, we have 
an alteriiatien of times during which evaporation predomi- 
nates with tinK3S during which coiKlonsation predominates: 
Biiowii in the tropics by strongly marked rainy seasons and 
seasons of drought, and in the temperate zones by cor- 
responding changes of which the periodicity, tliough less 
definite, is still traceable. The diffusion and precipitation 
of water, besides the slow alternations answering to differ- 
ent parts of the year, furnish ns with examples of rhythm 
of a more ra])id kind. During wet weather, lasting, let 
us say, over some weeks, the tendency to condense, though 
greater tlian the tendency to evaporate, does not show it- 
self in coutiiuiouB rain; but the period, is made up of 
rainy days and days that are wholly or partially fair. Nor 
is it in til is rude altenuition only tliat the law is mani- 
fested. During any day throughout this wet wreath er a 
minor rliythin is traceable; and especially so when the ten- 
dencies to evaporate and to condense are nearly balanced* 
Among xnonntains this minor rhythm and ii,s causes may 
be studied to great advantage. Moist winds, which do 
not preci|)itatG their contained water in passing over the 
comparaivively warm lowlands, lose so mucli heat when 
iliey reaeli the cold monntaiu peaks, that condemntion 
rapidly ta,kos place. Waiter, however, in passing from the 
gaseous to the iluid state, gives out a considerable amount 
of lieat; and hence the resulting clouds are warmer than 
tlic air that precipittites them, and, mucli warmer than the 
high rocky surfaces round which they fold themselves. 
Ilimco in the course of tlie storm, tliese liigh rocky sur- 
face's are raised in temperature, partly by radiation from 
the enwra})ping cloud, partly by contact of tlie falling rain- 
drops. Giving off more beat tlian berfore, they no longer 
lower so greatly the temperainre of tlie air passing over 
I'.hcm; Jind so cease to iirecipitatc,^. its contained water, 
^riio clouds breaik; the sky begins in clear; and a gleam of 
Bimshine promises that the day is going to be fine. But 
tlie small supply of heat wbicli tlie cold mountain’s sides 
liave received, is soon lost: cBpecially when the dispersion 
of the clouds permits free radiation into space* Very 
soon, therefore, these elevated surfaces, becoming as nold 
as at first (or perliaps even colder in virtue of the evapo- 
ration .set up), begin again to condense the vapor in the, 
air above; and there comes another storm, followed by 
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the same effects as before. In lowland regions this action 
and reaction is nsuaJly less conspicuous, because the con- 
trast of temperatures is less marked. Even liowever, 
it may be traced; and that not only on sliowery days, but 
on days of continuous rain; for in tliese we do not s(‘e 
uniformity: always there are fits of liardor and gentler 
rain that are probably caused as above explairuuL 

Of course these meteorologic rhythms involve something 
corresponding to them in tlie changes wrouglit by wind 
and water on the Eartii’s surface. Variations in tlie 
quantities of sediment bronglit down by rivers that rise 
and fall with the seasons must cause variations in the 
resulting strata — alternations of color or quality in the 
successive larninm. Ikids formed from the detritus of 
shores worn down and carried away by the wavers must 
similarly show periodic diffcreiuies answering to tlic iierl- 
odic winds of the locality. In so far as f)‘ost iidluen<a3S 
the rate of doniulation, its re(uirrenec is a factor in tlie 
3’hyfchm of sedimentary deposits. And tfio geological 
changes produced by glaciers and icebergs must similarly 
have their alternating periods of greater and h^ss intensity. 

There is evidence also tliat modifications in the ikirtlVs 
crust due to igneous action have a certain p(triodi(nt.y. 
Volcanic eruptions are not continuous l>ut intermittent, 
an(l, as far as the data enable us to judge, liave a certain 
average rate of recurronco; whieh riite of riant rreiH*e is 
complicated by rising into epochs of greater iictivity and 
falling into" epochs of coitipara.tiv(3 quiescence, 8t/ioo is 
itwitheartliquakes and tlic (duvati<>risor(h‘|>rcssiorjs (taiiscd 
by them. At the mouth of the Mississippi, tin? alleruution 
;of strata gives decisive proof of snccessivc sinkings of fJm 
surface, that have taken place at toleraliiy ecpiul intervaJs. 
Everywhere, in the extensive groups of crmformable strata 
that imply small subsidences recurring witli a eerttan 
.average frequency, we see a rliythm in the aidaon and m- 

action between the Earth's crust and its molten contmtts- - 

a- rhythm compounded with those Blower ones kIiowu in 
the termination of 'groups of strata, am.l thti commcnec- 
rnent of otlier groups not conformable to tlierm Tficre is 
even mmn ton suspecting a geolt'igical pcr,iodhdty that 
iS' . immensely slower and far wider in its 'c!fcc,:ts; iikinely, 
an. alternation of those vast upheavals .and: subraergeiicios 
.by.' which continents are, prodii cod' wliere there were '"oceans, 
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and 0(3eans where there were continents. For supposing, 
as we may ftiirly do, that the Earth’s crust is throughout 
of tolerably equal thickness, it is manifest that such por- 
tions of it as b(3como most depressed below the average 
level must have their inner surfaces most exposed to tlie cur- 
rents of molten matter circulating within, and will therefore 
undergo a larger amount of what may be called igneous 
denudation ; while, conversely, the withdrawal of the in- 
ner surfaces from these currents where the Barth’s crust 
is most elevated will cause a thickening more or less com- 
pensating tlie aqueous denudation going on externally, 
ilcnce tliose dopreswsed areas over which the deepest oceans 
lie, being gradually thinned beneath and not covercKl by 
miicli sedimentary deposit above, will become areas of least 
resistance, and will then begin to yield to* the upward pres- 
sure of the Eartli’s contents; whence will result, through- 
out such areas, long continued elevations, ceasing only 
wlien the reverse state of things has been brought about. 
Whether this speculation ho well or ill founded, does not, 
however, affect the general conclusion. Apart from it we 
have sufficient evidence that geologic processes are rhythmi- 
cal. 

§ 85. Perliapa nowhere are the illustrations of rhythm 
so inimerous and so manifest as among the plmnomena of 
life. Plants do not, indeed, usually show us any decided 
periodicities, save those determined by day and iiiglit and 
by the seasons. But in animals wo have a great variety of 
rnovenicints in wliich the alternation of opposite extremes 
goes on witli all degrees of rapidity. The swallowing of 
food is cirectcd by a wave of constriction |)as8lng along tlie 
(esophagus; its (ligestion is accompanied by a rntiscuhir 
action of the stomacih that is also undulatory; and tlio 
pcu'istaltic motion of the intestines is of like nature. Tlie 
blood obtained from this foocl is propel led iiot in a uniform 
current l)ut in pulses; and it is aerated by lungs that 
alternately contract and expand. All loconiotion results 
from oscillating movements: even where it is apparently 
continuous, as. in, many minute 'forms, the microscope 
proves the vibration of cilia to be the agency by which 
tlie creature is moved smoothly forward. 

** . .'Primary rhythms of the .organic actions are compounded' 
with secondary ones of longer duration. These various 
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modes of actiyity have their rcem-ring periods of increase 
and decrease. We see this in the periodic need for food, 
and in the periodic need for repose. Each inoal induces 
a more rapid rhythmic action of tlic digestive organs; tlie 
pulsation of the heart is accelerated; and the inspirations 
become more frequent. During sleep, on the contrary, 
these several movements slacken. Ho that in the cmirso 
ut the twenty-four hours, those small undulations of which 
the different kinds of _ organic action are constituted 
undergo one long wave of increasoanddecrea.se, coniplicatecl 
witli several minor waves. Experiments have shown tliat 
there are still slower rises and falls of functional activity. 
Waste and assimilation are not balanced hv every meal 
but one or other maintains for some time a'sliglit*cx(‘c.sH’ 
so that a person in ordinary health i.s found Di un(icr'*'>-o 
an increase and decrease of weight during recurring intw- 
vals of tolerable equality. Besides ilicsc regtdar perimis 
there are still longer and comparatively irregular oiich; 
namely, those alterations of greatei- aiul, less vigor, udiich 
even healthy people experience. Ho inevitalilc an! these 
oscillations that oven men in training cannot lie kept 
stationary at their highest power, but wlieii they have 
reached it begin to retrograde. Further (ividenee of 
rhythm in the vital movements is furnished by invalids 
bimdry disorders are named from the intormittemt cliar- 
actor of their symptoms. Evem wliero tlu! iicriodieitv is 
not very marked, it i.s mostly traeealilo. Patients rafely 
if Civergotnnifornily worse; and eonvalcseents have iisiially 
theii diiys ol |)<u’t.ial rclap.se or of less (haadiu] ailvanee. 


Aggregates 


of 


creatures illuslrate flic gema-al 


truth in other ways/ If each .sjieeies of organism biM'e- 
garded as a vvhole, it displays two kind.s of riiyt.Iun. Idfo 
iis it exists in all the members of such sjauvies i.s uu vx- 
tremely complex kind of rnovenumt, more Or le.s,s distilled 
froin the kinds of movement whiidi constitute lift* in otlu'r 
spociGB. In each individual of the species, tlii.s e.vtremely 
complex kind of movement begins, ri e,! to its elimjtx, thi- 
elines, and ceases hi death. And every sncees.sive <mner- 
atioii thus exhibits a wave of that peculiar activitv 
cliaractenOng the species as a whole. The other form of 
rhythm IS to he traced in that variation of number whieli 
each tribe mf animals and plants is ever undergoing.’ 
ihroughout the unceasing conflict between the tendency of 
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a species to increase and the antagonistic tendencies, there 
is never an equilibrium: one always predominates. In the 
case even of a cultivated |)lant or domesticated animal, 
where artificial means are used to maintain the supply at a 
uniform level, we still see that oscillations of abundance 
and scarcity cannot be avoided. And among the creat- 
ures uncared for by man, such oscillations are usually more 
marked. After a race of orgtinisms has been greatly 
thinned by enemies or lack of food, its surviving members 
become xnorc favorably circumstanced than usual. Dur- 
ing the decline in their numbers their food has grown 
relatively more abundant; while their enemies have di- 
minished from want of i)rey. The conditions thus remain 
for some time favorable to their increase; and they multi- 
ply rapidly. By and by their food is rendered relatively 
scarce, at tlie same time that their enemies have become 
more numerous; and the destroying influences being thus 
in excess, tlieir number begins to diminish again. Yet one 
more rhythm, extremely slow in action, may bo traced in 
tlio ])henomeiia of Life, contemplated under their most 
general aspect. TJie researches of pahBontologists show 
that there have been going on, during the vast period of 
wliicdi, our sedimentary rocks bear record, successive 
cliangc’fs of organic forms. S])0(:iics have a,})peared, become 
alxundaiit, and then disappeared. Gciuu’a, at first con- 
stituted of but few species, liavo for a time gone on grow- 
ing more multiform, and then liave begun to decline in 
the number of their subdivisions: leaving at last but one 
oj two representatives, or none at all. During longer 
epochs wlxole orders have tlius arisen, culminated, and 
dwindled away. And even those wider divisions contain- 
ing many orders have similarly undergone n gradual rise, 
a higli tide, and a long-continued ebl). ^iflie stalkc(l 
Orinoidea, for example, which, during the carboniforotiB 
epocili, l)ecamo al)un,dant, have almost disappeared: only 
a single species being extant. Oruici a large family of 
molluscs, the BrmMopoda have now become rare. Tlie 
shelled (Je()lialo|)ods, at one turn dominant among tlie in- 
habitaute of the ocean, botli in number of fonuB and of 
individuals, are in our (lay nearly extinct. Aiid after an 
'‘’ age of reptiles," tliert? luis conic an age in which reptiles 
liave been" in great measure supplanted' by mammals.. 
Whether .these vast rise? amifaJIs of dyfereBt' kinds of life 
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ever undergo anything approaching to repetitions (which 
they may possibly do in correspondence with these vast 
cycles of elevation and subsidence that produce continents 
and oceans), it is sufficiently clear that Life on the Earth 
has not progressed uniformly, but in immense iiacl illations. 

§ 86. It is not manifest that the changes of conscious- 
ness are in any sense rhythmical. Yet here, too, analysis 
proves both that the mental state existing at any moment 
is not uniform, but is decomposable into rapid oscillations; 
and also that mental states pass through longer intervals 
of increasing and decreasing intensity. 

Though while attending to any .single sensation, or any 
group of related sensations constituting the consciousness 
of an object, we seem to remain for the time in a persis- 
tent and _ homogeneous eondition of mind, a careful self- 
examination shows that this aiiparentiy unbroken mental 
state is in_truth traversed by a nninher of minor states, in 
which various otlicr .sensations and pei'cejitions are rajiidly 
presented and disappear. From tlie admitted fact tlm't 
thinking consists in the establishment of relations, it i.s 
a necessary corollary that the maiuteuanee of eonseious- 
ness in any one state to the entire exclusion of other 
states, would be a cessation of tliought, that is, of con- 
sciousness. So that any seemingly coiitinuous feeling, say 
of pre.s.sure, really consists of portions of that feeling per- 
petually recurring after the momentary intrusion of otiier 
feelings and ideas — ipiiek tlionglits ixmeerning tlu! [dace 
where it is felt, the external olijeet pi’odiieing it., its (totise- 
((uenees, and other thing.s suggested hv assoe'iation. 'I’lius 
there is going on an extremely rapid departure from, and 
return to, that particular mental si, ate whieli we regard as 
persistent. Besides the avidimeo of rhythm in eoiisidovm- 
ness which direct analysis thus affords, wo may gather 
further evidence from the correlation between feeling ami 
movement.^ Sensations ami emotion.s ex[)end themselves 
in producing muscular contraetions. If a sensation or 
emotion were strictly eontirniou.s, there would he a eonl.in- 
uous discharge along those motor nerve.s acted upon. But 
so far as oxperunente with artificial stimuli enable ns to 
judge, a eontimums discharge along tlie nerve leading to a 
muscle, does not contract it: a broken discharge is ro- 
quired— -a rapid succession of shocks. Hence musoular 
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contraction presupposes that i*hythmic state of conscious- 
ness which direct obseiwation discloses. A much more 
conspicuous rhytlmi, having longer waves, is seen during 
the outflow of emotion into dancing, poetry, and music. 
The current of mental energy that shows itself in these 
modes of bodily action is not continuous, but falls into a 
siK!Cossion of pulses. The measure of a dance is produced 
by the alternation of strong niusciikir contractions with 
weaker ones; and, save in measures of the simplest order 
such as are found among barbarians and children, this 
alternation is compounded with longer rises and falls in 
tlie degree of muscular excitement. Poetry is a form of 
speocli wliich results when the emphasis is regularly recur- 
rent; that is, when tlxe muscular effort of prominciation 
has definite periods of greater and less intensity — periods 
that are complicated with others of like nature' answering 
to the successive verses. Music, in still more various 
ways, exemplifioB the law. There arc the recurring bars, 
in each, of which there is a primary and a secondary bciit. 
There is the alternate increase and decrctise of miisculai* 
strain, implied by tlio ascents and descents to tlio liigher 
and lower notes — ascents and descents composed of smaller 
waves, breaking tlie rises and falls of the larger ones, in a 
mod(5 |)ecuiiai* to each melody. And then we have, fur- 
ther, the alternation ot piano md forte passages. That 
these several kinds of rhythm, characterisjing {esthetic ex- 
pression, are not, in the common sense of the word, arti- 
ficial, hut are intenser forms of an undulatory movement 
habitually generated by feeling in its bodily discharge, is 
shown by the fact that they are all t.iw!eable in ordinary 
speech; which in every sentence lias its primary^ and 
secondary empliases, and its cadence contaiiiiiigachieE rise 
and fjill complieiitoii with subordinate rises aiui fjills; {vnd 
wlvich is accompanied by a more or less oscillatory action 
of the liml)S when the emotion is great. Still longer uii- 
dnhitions imiy be observed by every one, in himself and in 
others, on occasions of extreme plcasTire or extreme pain. 
Mote, in the first place, tlnit pain Imving its origin in 
bodily disorder is nearly always perceptibly rhytlimical. 
During hours in which it never actmilly ceases, it luis its 
variiitions of intensity — -fits or paroxysms ; and then after 
these hours of sii tiering there xisualiy come hours of 'com- 
parative ease* Moral pain has the like smaller and larger 
15 ■ 
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waTes. One possessed by intense grief does not utter eon- 
tinuoiis moans, orslied tears with an equable rapidity ; but 
these signs of passion come in recurring bursts. Tlicn 
after a time during which such stronger and weaker wav(*s 
of emotion alternate, there comes a calm — a time of com- 
parative deadiiess; to which again succeeds anotlier inter- 
val, when dull sorrow rises afresh into acute anguisli, with 
its series of paroxysms. Similarly in great dcligiit, es- 
pecially as manifested by children who have its display less 
under control, there are visible variations in the intciusity 
of feeling sliown — fits of laughter and dancing about, 
separated by pauses in which smiles, and other sliglit man- 
ifestations of pleasure, suflice to dis(diarge tlic Icssiviied 
excitement. Nor are tliore wanting evidences of numtal 

undulations greater in length tljan any of these— un- 

dulofions wliioli take weeks, or montlis, or years, to com- 
plete thomselves. Wo continually hear of m{H>ds which 
recur at intervals. Very many persons have liudr (qK>ehg 
of vivacity and depression. There ai’O periods of industry 
following periods of idleness; and times at whi<^h jimdhmlar 
subjects or tastes are cultivated witli r.eal, alternuting with 
times at which they are neglected. Jiespeftting vvhi(di slow 
oscillations, the only qualification to be made is that, I>eiug 
affected by numerous infltiencos, tlioy are comparatively, 
irregular. 

§ 87. In nomadic societies the changes of place, deter- 
mined as tliey usually ar(^ by exhaustior* or faJhire of the 
supply of food, are periodic^; and in many (;asos show a 
recurrence answering to the seasons. J^aeh trila^ tliat 
has become in some degree fixed in its locality, goc’s on 
increasing, till, under the pressures of unsa.l-isf]ed desires, 
there results migration of Borne part of it to a runv rt^gion 
>-a process repeated at intervals. Proni sindi exc(*sses of 
population, and sucli successive waves of migrafion, ot>nm 
conflicts with other tribes; wliich are also ijicreasing and 
tending to diffuse themselves. This antagonism, liki*a!I 
others, results not in a uniform motion, but in an inter- 
mittent one. War, exliaustioty r(!(t<;»ih‘--'™peaca.g |)rosj:ierit,y, 
and renewed aggression— s(ie here tlie.alU^rnation mori,^ or 
less discernible, in tlio military activities of !)oth savage and 
civili55ed nations. And _ irregular as is tlrig rhytlini, it is 
.not, more BO .than the different, sims of the societies, and' 



FIRST FEINCIPLES. 


227 


tlie extremely involyed causes of variation in tlieir strengths, 
would lead us to anticipate. 

Fasvsiiig from external to internal changes, we meet with 
this hack ward and forward movement under inany forms. 
In the currents of commerce it is especially conspicuous. 
Exchange during early times is almost wliolly carried on 
at fairs, held at long intervals in the chief centres of pop- 
ulation. The flux and reflux of people and commodities 
whicli each of tliese exhibits becomes more frequent as 
national development leads to greater social activity. The 
more rjipid rhythm of weekly markets begins to supersede 
the slow rhythm of fairs. And eventually the process of 
exchange becomes at certain places so active, as to bring 
about daily meetings of buyers and sellers — a daily wave of 
accumulation and distribution of cotton, or corn, or cap- 
ital. If from exchange we turn to production and con- 
sumption, we see undidations, much longer indeed in 
their periods, but almost equally obvious. Supply and de- 
mand arc never completely adapted to each other ; but each 
of tliom, from time to time in excess, leads presently to an 
excess of tlio otlier. Farmers who have one season produced 
wheat very abundantly, are disgusted with the consequent 
low price; and next season, so whig a iriuch smaller quan- 
tity, bring to market a deficient eroi); whence follows 
a converse effect. Consumption iindergooB parallel un- 
dulations that need nob be specified. Tlio balancing of 
supplies between different districts, too, entails analogous 
oscillations. A place at winch some necessary of life is 
Bcanxr becomes a place to whicli currents of it are sot up 
from other places wliero it is relatively abundant; and 
t.hese currents from all sides lead to a wave of accumulation 
wiiere tliey meet — glut: whence follows a recoil — a par- 
ihil returii of the currents. But the undulatory character 
of these actions is perhaps best seen in the rises and falls 
of pri(XiS. These, given in numerical measures which may 
bidtaliulated and reduced to diagrams, show us in the 
clearest manner how commercial movements are conn 
pounded of oscillations of various magriitudt3s. The price 
of consols or tlie price of wlieat, as tlins represented, is seen 
to undtirgo vast ascents and descents whose highest and 
lowest points arc reached only in the course of years. 
''Jfliese largest waves of variations are broken by others 
extending' over periods of -perhaps many' months. ' On' 
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tliese again come others having a week or tAVo’s dnrati on* 
And were the changes marked in greater detail, we sliould 
have the smaller undulations tluit take place each day, 
and the still smaller ones wliich brokers tclegrapii from 
hour to hour. The whole outline would show a compli- 
cation like that of a vast ocean-swell, on whoso Biirface 
there rise largo billows, whicli themselves bear waves of 
moderate size, covered by wavelets, that are rougbeiicHl by 
a minute ripple. Similar diagramatic represeidatioiis of 
births, marriages, and deaths, of disease, of crime, of 
pauperism, exhibit involved conflicts of rhytlmiic'al iiio- 
tions throughout society under tliese several aspects* 

There are like characteristics in social changes of a more 
complex kind. Both in England and arnong continental 
nations, the action and reaction of poli tienl progress liave 
come to be generally recognized* Religion, 1 resides its 
occasional revivals of smaller nmgnitutle, inis its long peri- 
ods of exaltation and dej)ia>ssi(ni— geiieratioiiis of btdief and 
Bclf-mortification, following generations of iii(linxn’eiu*<^ and 
laxity. There are poetical epochs, and epoehs in wirndi 
the sense of the beautiful seems almost dormant. Philoso- 
phy, after having been awhile predominant, lapses for a long 
season into neglect; and then again slowly revives. Jiacli 
science has its eras of deductive reasoning, ami its crus 
when attention is chiefly directed to collcc.ting and colli- 
gating facts. And how in sucli minor but more oldrusive 
plicnomena as those of faslnon, arc mex going on 

oscillations from one extreme to the of, luu’, is a trite tib- 
servation. 

As maybe foreseen, social rhytlims widi illustrate! the 
irregularity that results from comliimition id iih'iny iamscs. 
Where the variations are tliose of one Him|>lc elemeut in 
national .life, m tiio.BUi.)ply of a partimilar <'!(>iri,r'nodity, we 
'■'do,' indeed witness, a retur.n, aftc,ir many involved liiovc- 
■frients, .to 'a' previous' condition— the pn{,‘t.i may bi..!co.riie 
wliat' it was beforo: implying a like ndiitivc! abumlancc* 
But where the action is one into wbic.h many factors enter, 
there is never a recurrence of exactly tlu» same .static A 
},>oltical reaction never brings round'just idit! old form of 
tilings. ^J'he rationaliBm of tlie present i,'iay diiTi!rB wiiielv 
■froin the rationalism ■ of tlie last century. And tlioiigli 
fasliion from time 'to 'time revives' ex tirmt types of 'ciress, 
these, alw.ays. reappear with decided modi heat lonsr ■ . 
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§ 88. The iiinivei'’salitj of tins pi’inciple suggests a ques- 
tion like that raised in foregoing cases. Ehythm being 
manifested in all forms of movement, we have reason to 
siispoct that it is determined by some primordial condition 
to action in general. The tacit implication is that it is 
dediioible from tlie persistence of force. This we shall 
liiid to he the fact. 

When the prong of a tuning-fork is pulled on one side 
l)y the finger, a certain extra tension is produced among 
its cohering particles; which resist any force that draws 
them out of their state of equilibrium. As much, force as 
the finger exerts in pulling the prong aside, so much op- 
])osing force is brouglit into play among the cohering par- 
ticles. Hence, wlien the prong is liberated, it is urged 
back by a forego eqiud to that used in deflecting it. Wlien, 
therefore, the j)rong roaches its original position, the force 
impressed on it during its recoil has generated in it a 
corres|)onding amount of momentum — an amount of mo- 
inentum nearly equivalent, that is, to the force originally 
impressed (nearly, wo must say, because a certain portion 
lias gone in communicating motion to the air, and a cer- 
tain oilier portion has been transformed into boat), 
fl'his nioriuvniuni carries the prong beyond tlio position of 
resi, ncjirly as far as it was originally (Irawn in the reverse 
direction; until at length, being gradually used up in pro- 
ducing an opposing tension among the particles, it is all 
lost. Tlic oiiposing tension into winch tlic expended 
momentum has been transformed then generates a sec- 
ond recoil; and so on continually — tlic vibration eventually 
ecnising only because at each movement a certain amount of 
force goes in creating atmosplieric and ethcrial undula- 
tions, Now it needs but to contemplate this repoatod ac- 
tion and reaction, to scie that it is, like every action and 
reaction, a consequenco of the persistence of force. The 
force exerted by tlie finger in bendirig the propg cannot 
di.sajipcar. XTnder what form tlion does it exist? It exists 
liiidertlie form of that coliesive tension wliicli it has gener- 
ated among the particles. This cobesive tension cannot 
cease without an e(|uivalcnt result. Wliat is its equivalent 
result? Tlio momentum generated in the prong while 
being ctarried back to its position of rest. This 'momentum, 
too— what becomc^s, ot! it? It must either continue as 
momentum, or produce' some- correlatiye\ forcC' of 'equal 
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aixioinit. It cannot contiimo as inornontum, since change 
of place is resisted by the cohesion of the parts; and tiiiis 
it gradually disappears by being traiisfonned into tirnshai 
among these parts. This is reibranvsformed into tlu^ (‘{|iuv- 
alent momentum; and so on continuously. If instead of 
motion that is directly antagonized by the eoliesion of mat- 
ter, we consider motion tliroiigh space, tlie same trutli 
presents itself under another form. Though here no op- 
posing force seems at work and thei’efore no imim of 
rhythm is apparent, yet its own accinniilated momentinn. 
must eventually carry the moving body beyond tlie laidy 
attracting it; and so must become a force atVaaiance with 
that which generated it. From tins conflujt, rliyilim 
necessarily results as in the foregoing case. The force 
embodied as momentum in a given dircadJon cannot lie 
destroyed; and if it eventually disappears, it reappears in 
the reaction on tlie retarding body; wliicli begins afresh 
to draw the now arrested mass back from its* aphelioiu 
The only conditions uiicler wliich there could bctVilisence 
of rhythm— the only conditions, tliat is, inult*r which them 
could be a continuous motion througl) s{>ace in tins same 
straight line for ever, won Id be the existence of an infinity 
void of everything but the moving body. And neitheu' of 
tluise conditions can be represented in tliouglit. Inlinity 
is inconceivable; and so also is a motion which nevi*r Inul 
a commencement in some pre-existing source of |)owcir. 

Tims, tlieii, rhythm is a necessary charackaist.ic of all 
motion, (liven tlio coexistence everywhere of antagf)nmk 
forces a postulate which, as we have seen, is mHtessiialod 
by the form of our experience— and rliytlim is aij inevi- 
tal)lo corollary from the persistence of forcjc}. 
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CHAPTER XI. 


BECAPITULATION, OBmCISM, AND liECOMMENCEMENT. 

§ 89. Let us -pause awhile to consider how far the con- 
tents of the foregoing chapters go toward forming a body 
of knowledge such as was defined at the outset as constitut- 
ing plulosophy. 

In respect of its generality, the proposition enunciated 
an.d exemplified in eacli chapter, is of the recpiired kind — 
is a proposition transcending those class-limits which Sci- 
ence, as currently understood, recognises. “ The Inde- 
structibility of Matter’' is a truth not belonging to me- 
clianies more than to chemistry, a truth assiimed alike by 
molecular physics and the physics that deal with sensible 
masses, a truth which the astronomer and tlie biologist 
e<|ually take for granted. Not merely do those divisions 
of Science which deal with the movements of celestial and 
terrestrial bodies postulate “ The Continuity of Motion,” 
but it is no less postulated in the physicist’s investigations 
into the |)henomGmi of light and lieat, and is tacitly, if 
not avowedly, im])lied in the generali/.ations of tlio higher 
sciences. So, too, "‘The Persistence of Force,” involved 
in each of the preceding propositions, is coextensive with 
them, as is also its corollary, “ The Persistence of Relations 
among Forces. ” These are not truths of a high generality, 
but they arc universal truths. Passing to the deductions 
drawn from tliom, wo see tlie same tiling. That force is 
transformable, and tliat between its correlates there exist 
(juantitative equivalences, are ultimate facts not to be classed 
with tliose of mc(*.lianics, or tliermology, or elecd'.ricity, or 
magnetism ; but tliey are illustrated tliroughout phenom- 
ena of every order, up to those of mind and society. Sim- 
ilarly, tlic law that motion follows tlio line of least resist- 
am^o or tlie line of greatest traction or tlie residtant of the 
two, we found to bo an all-pervading law; confcirmed to 
alike by each jilanet in its orbit and liy the moving iiuitters, 
aerial, liquid, juid solid, on its surface — conformed to no 
less by every organic movement and process than by ^ every 
iiKirganiiviiiovomeiit and process. ' And so likewise, in the 
chapter Just' closed, it has ■ been ■.shown that., ..rhythm is 
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exhibited iiniversally, from the slow gyriitions of double 
stars down to the inconceivably ra-pid oscillations of mole- 
cules — from such terrestrial changes as those of recurrcjiit 
glacial epochs and gradually alternating elevations and 
subsidences, down to those of the winds and tides and 
wavps; and is no less conspicuous in tlie functions of living 
organisms, from the pulsations of tlie heart up to the par- 
oxysms of the emotions. 

Thus these truths have the character which constitutes 
them parts of philosophy, properly so called. I'hey are 
truths which unify concrete phenomena belonging to all 
divisions of Nature; and so must be components of that 
complete, coherent conception of things which Fhilosc)i)hy 
seeks. 

§ 90. But now whafc parts do thovSC trutlis play in form- 
ing such a conception y Does any one of tliom singly 
eonvey an idea of tlie (losriios: meaning l)y this word the 
totality of the nuinifestations of the llnkriowabho? Do 
all of them taken togctlier yield us an adequati! idea of 
this kind? Do tliey even when thouglit of in (sombina- 
tion compose anything like sucli au idea-? I’o each of 
these questions the answer must be — No. 

Neither these truths or any other siudi trutlis, sepjirattdy 
or Jointly, constitute that integrated knowledge in wliicli 
only Philosophy finds its goal. It iuis been supposed by 
one thinker that wlien Science lias sucfuu^ded in laHlmung 
all moi'e com [ilex laws to some inosi; simple law, as of 
molecular action, knowledgx^ will havai rea-clied iis limiL 
Another authority has tacitly asscrrUal that. aJl minor facts 
are so merged in the major facts that thit foiatc evtirywhc*re 
in action is nowhere lost, that to express tin's is i,o exprifss 
“the constitution of tlio universe.^ But eitlior c.oriclusion 
implies a inisappreheuBion of tlie prolilem. 

R)r those are all analytical trutim, ami no aiialytical 
truth — no number of analytical trutlis, will nmki^ ii|> that 
syntlicsis of thought which aloms <*an lie an iiittuqn'titritiiui 
of the- syntliesiB of things. ''Ilie decomposition of phe- 
iiomena into their elements is but a preparaiion for 
understanding plienomena in their state of <';ompoHi,tiio:n, 
as actually inaiiifested.' To- liave ascertaiiiiHl tlie laws of 
the factors is not at all to 'have aBcertai-iied tlie laws of 
their cooperation. ..Tlie ' question is, not , how; any factor, ■; 
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Matter or Motion or Force, behaves by itself, or under 
some imagined simple conditions; nor is it even how one 
fatdor behaves under the complicated conditions of actual 
existence. The thing to be expi-essed is the joint product 
of the factors under all its various aspects. Only when 
we can formulate the total process, have we gained that 
knowledge of it which Philosophy aspires to. A clear 
comprehension of this matter is important enough to jus- 
tify some further exposition. 

§ 91. Suppose a chemist, a geologist, and a biologist 
have given tlie deepest explanations furnished by their 
respective sciences, of the processes going on in a burning 
caudle, in a region changed by earthquake, and in a grow- 
ing plant. To tlie assertion that their explanations are not 
tlie deepest possible, tliey Avill probably rejoin : “ What would 
you have? What remains to be said of combustion when 
liglit and heat and the dissipation of substance have all 
bceri traced down to the liberation of molecular motion as 
tlieir common cause. When all the actions accompanying 
an earthquake are explained as consequent upon the slow 
loss of the Earth’s internal heat, how is it possible to go 
loworf Wlien the inlluence of light on the oscillations of 
molecules has been proved to account for vegetal growth, 
what is_the imaginable further rationale? You ask for a 
synthesis. You say that knowledge does not end in the 
resolution of phonomemi into the actions of certain fac- 
tors, cacli conforming to ascertained laws; but that the 
laws of the factors having been ascertained, there comes 
the chief problem— -to show how from their joint action 
result the phenomena in all their complexity. 'Well, do not 
the above interpretations satisfy this requirement? Do we 
not, starting with the molecular motions of the elements 
concerned in combustion, build up synthetically an cixplana- 
tioji of the liglrt, and tlio lujat, and the produced giises, and 
the movements of the produced gases? Do wo not, setting 
out from the still-continued radiation of its heat, construct 
by synthesis a clear conception of the Earth’s nucleus as 
contracting, its crust as collapsing, as becoming shaken 
and lissured and contorted and burst through by lava? 
And is it not tlie same with the chemical changes and 
accumulation of matter in the growing plant?” 

To all which the reply is, that the ultimate interprota- 
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tion to be reached by Philosophy is a iniivomil S311 thesis 
comprehending and consolidating siicli special syntheses. 
The synthetic explanation which Scicpice gives, even np 
to the most general, are more or less indc^pinident of one 
another. Though they may have like elements in tliem, 
they are not united by the likeness of tlieir essmitial 
structures. It is to be supposed that in tlie burning (‘an- 
dle, in the quaking Earth, and in tlie organism tliat is 
increasing, the processes as wholes are unrelated to one 
another? If it is admitted tliat eacli of the factors con- 
cerned always operates in conformity to a law, is it to ho 
concluded that their cooperation conforms to no law? 
These various changes, artificial and natural, organic aiici 
inorganic, which for convenience sake wo distingnisli, are 
not from the highest jioint of view to be distinguislied ; 
for they are all changes going on in the same (kismos, am! 
forming parts of one vast transforma-tion. llio play of 
forces is essentially the same in principle througliout the 
whole region explored by our iritelfigence; and though, 
varying infinitely in their proportions and comidnataons, 
they work out results everywhere niorc^ or less diflcrent, 
and often seeming to have no kinship, yet tlKjre caaniot 
but be among these results a fundamental (aniinjunity. 
Tlio question to be answered is — -wliat is the common efe- 
ment in the histories of all concrete processes? 

§ 92. To resume, then, we have now to seek a law of 
composition of phenomena, coextensive witli thosi* laws of 
their components set forth in f,Iio forc^going (dni})ters. 
Having seen that matter is indestructible, oioiion (anitin- 
tious, and force persistent— liaving Been tliat forcfes lira 
everywhere undergoing transformation, and that motion, 
always following the lino of least rcsis ton ce, is invurialdy 
rhythmic, it remains to discover tlie si rniiarly-iii variable 
.formula expressing the combined conBequemais of tlie a<:;* 
tions thus separately formulated. 

What must be the general character of sindi a formiila? 
It must be one that specifies the eourse of the cliangtJS 
undergone by both the matter and tlie motion. Every 
transformation implies rearrangement of corrifiiiiient parts; 
and a definition of it, while saying what has huppeniid to 
the sensible or insensible 'portions of Biibstanee concerned, 
must also say what' has 'happened ,to the movementscsensi- 
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ble or insensible, wliicb the rearrangement of parts implies. 
Furtimr, nnlcss tlic transformation always goes on in the 
same way and at the same rate, tlie formula must specify 
the conditions under which it commences, ceases, and is 
reversed. 

The law we seek, therefore, must be the law of the con- 
timioiis redistrik^^ of matter and motion. Absolute rest 
and permanence do not exist. Every object, no less than 
the aggregate of all objects, undergoes from instant to 
instant some alteration of state. Gradually or quickly it 
is receiving motion or losing motion, while some or all of 
its parts are simultaneously changing their relations to one 
another. And the question to bo answered is, What 
dynamic principle, true of tlie metamorpliosis as a wliole 
and in its details, expresses these ever-clumging relations? 

This chapter has served its purpose if it has indicated 
the nature of tlie ultimate problem. The discussion on 
which, we are now to enter may fitly open with a new })res- 
entation of tiris problem, carrying with it the clear 
implication that a Hiilosophy, rigidly so-called, cun come 
into existence only hy solving the problem. 


ClIAPTEK Xli. 

EVOLUTION* AND BISSOLUTIOK. 

§ 93. An entire history of anything must include its 
appearance out of the imperceptible and its di8a|)pearanee 
into the imperceptible. Be it a single object or the whole 
universe, any account wliich begins witli it in a concrete 
form, or leaves off with it in a concrete form, is incom- 
plete; since there remains an era of its knowablo existencso 
undescril)ed and unexplained. Admitting, or rather as- 
Bcrting, that knowledges is Hmitcal to the phenomenal, we 
have, by implication, jisserted tliat the sphere of knowl- 
edge is coextensive with the pheiionHuiiil— cuHvxteerisive 
with all .modes of the Unknowable tliat (^lui affect con- 
sciousness. Hence, wherever we now find Being so condi- 
tioned as to act on our senses, there arise the (jnestions— ■ 
liow came it tlms conditioned? and how will it cease to he 
thus conditioned? IJnleBS on tlie assum|>tion that it 
acquired ,a sensiliie format' tlie moment of perception,; and ■' 
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lost its form tlie moment after perception, it must ]mva 
liad an antecedent existence under this sensible form, and 
will have a subsequent exiwstence under tlvis sensible fornn 
These preceding and succeeding existences under sensililo 
forms are possible subjects of knowledge; and knowledge 
has obviously not reached its limits until it lias united tlie 
past, present, and future histories into a whole* 

The sayings and doings of daily life imply more or less 
such knowledge, actual or potential, of states winch luivo 
gone before and of states which will come after; and, 
indeed, the greater part of our knowledge involves these 
elements. Knowing any man personally implies liaviug 
before seen liim under a shape much tlie same as liis jirc^s- 
exit shape; and knowing liim simply as a man, implies 
the inferred antecedent states of infaiu^y, (yiiildliood, a, ml 
youth. Tliough tlie nuurs future is not Jviiown speeili- 
cally, it is known generally; the facts that he will die, and 
that his body will de(iay, are facts whittli {;oni])lete in out" 
line tlie cliaiiges to be hereafter gone tlirongh by him, So 
with all the objects around. Their coexistence under con- 
crete forms of tlie woollens, silks, and (a)i(ons we wear, wo 
can trace some distance back. \W) a,ix) ciertaiii tlnit our 
furniture consists of matter wliicli was aggregated liy 
within these few generations. Even of the stones com- 
posing the walls of the house, we are to say that, years or 
centuries ago, they formed parts of some stratuni imbedded 
in the earth. Moreover, resp(;icting the liereafter of the 
wearable fabrics, the furniture, and tlie wails, we can 
assert thus much, that tliey are all in j>ro(!(\ss of d(H*ay, 
and in periods of various l(mgths wdll lose tluvir pres(mt 
coherent shapes. This general iriforrmitiou whicJi all men 
gain concerning the past and future ca-rciirsof surrounding 
tilings, Science has extendeil, and c,ontimies umteasingly 
to extend. To the biography of the individual rmiii, it 
adds an intra-uterine biograpliy beginning witli liim as a 
microscopic germ; and it follows out his ultimate changes 
. until it finds liis body resolved into tlie guscKHis proilucits 
of decomposition. Not stopping short at the sheep’s bfick 
and tlie caterpillar’s cocooti, it identifies in wool and silk 
tlie nitrog(mous matters absorbtal liy the Blasip ami the 
caterpillar from jilants. ^I’lie Bubstan'cc .oi‘ a plant’s leaves, 
in common with the wood from 'wlmh furnitiira is made, 
it'' again traces back to the vegetable assimilation o:f gases' 



FIRST PRmaiPLFS. 


m 


from the air and of certain minerals from the soil. And 
iiiquiring whence came the stratum of stone that was quar- 
ried to build the house, it iinds that tins was once a loose 
sediment deposited in an estuai’y or on the sea bottom. 

If, then, the past and the future of each x.)])ject, is a 
spliere of possible knowledge; and if intellectual progress 
consists largely, if not mainly, in widening our acquaint- 
ance with tins past and this future; it is obyious that we 
luivo not acquired all the information within the grasp of 
our intelligence until we can, in some w^ay or other, express 
the whoUi past atid the whole future of each object ajid the 
aggregate of objects. Usually able, as we are, to say of 
any visible tangible thing how it came to liave its present 
shape and consistence, we are fully possessed with the 
conviction that, setting out abruptly as we do with some 
substance which already had a concrete form, our history 
is incomplete: the thing had a history preceding the state 
with which we started. Hence our Theory of Things, 
considered individually or in their totality, is confessedly 
imperfect so long as any past or future portions of their 
sensible existences are unaccounted for. 

May it not bo inferred that Plulosopliy has to formulate 
tliis passage from the iniperceptil)lo into tlie perceptible, 
and again from tlio perceptible into the iinperceptil)lo? Is 
it not clear tlmt this general law of the redistribution of 
matter jind motion, whic,!) wo lately saw is required to 
unify tlic various kinds of changes, must also be one that 
unifies the successive changes whicli sensible existences, 
separately and togother, pass through? Only by some 
formula combining tliese characters can knowledge bo 
reduced to a coliorent whole. 

§ 04. Already in the foregoing paragraplis the outline 
of sucli a formula is foroslmdowed. Already in recogriiziiiig 
the fact tliat Science, tracing back the genealogies of vari- 
ous ol)jects, iinds tlunr compommtB were oneo in diifused 
states, and, pursuing their histories forward, finds diffused 
states will be again assumed by them, we have rec-ognized 
the fac'-t that the formula must bo one coTripreheaiding the 
two opposite pro(‘csHes of comment rat ion and dillusion; 
And already in thus dcBcribing the getieral nature of the 
formula, we have approached a specific/ ..expression of it. 
Tlie cliango from a dlffuBod, imperceptible state,, to a con- 
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centrated, percoptilile state, is an integration of matter 
and concomitant dissipation of motion; and the change 
from a eoncentrated, perceptible state, to a ditriised, 
imperceptible state, is an absorption of motion and con- 
comitant disintegration of matter. These a, re trnisms. 
Constituent parts cannot aggregate witlioiit losing some ol' 
their relative motion; and they cannot separate without 
more relative motion being given to them. We are not 
concerned here with any motion which the components of 
a mass have with respect to other masses; we are concerned 
only with the motion they have with respect to one anotlier. 
Oonfining our attention to this internal motion, and to 
the matter possessing it, the axiom which we have to reiv 
ognize is tliat a progressing consolidation involves a, decrease 
of internal motion; and that incresae of internal motion 
involves a progressing nnconsolidation. 

When taken together, the two opposite proe.esses tluis 
formulated, constitute tlm history of evcey scmsible exist- 
eiicc, under its simplest form. l..oss of tnotion and cjons<^ 
quent integration, eventually followed by gain of motion 
and consequent disintegration — sec here a state.mcnt com- 
prehensive of the entire series of changes passed ihrmigli ; 
comprehensive in an extremely general way, as any siatti- 
ment which holds of sensible existences at large must be; 
but still comprehensive in the sense that all tlio el:uing <38 
gone tlu’ough fall within it. This will probably bo thouglit 
too sweeping an assertion; but we sluill quickly lind it 
justified. 


§ 95. For here we have to note tlio further all-im{)ortant 
fact, that every change undergone by ovtvry sensil>le exist- 
ence is a change in one or other of these two op|)osito 
^ Apparently an aggregate wliicli has passed 

out of some originally discrete state into a concrete staie, 
thereafter remains for an indefinite period without unth*r- 
goingfurthor integration, and without beginning to <lis- 
* integrate. But this is untrue. All thirigs are growing or 
decaying, accumulating matter or W(uiring away,, initgrat- 
ing' or disintegrating. All things are varying in t.lieir 
■temperatures, contracting or expanding, integrating or 
' ■ disintegrating. Both the quantity of matter contiiinyd in 
■ ■' ■ an aggregate, and tlie quantity of mothm contained, in it, 

. increase or decrease; and iiurrease or, flecrease o,f' ■either is 
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an advance toward greater diffusion or greater concentra- 
tion. Continued losses or gains of substance, however 
slow, imply ultimate disappearance or indefinite enlarge- 
ment; and losses or gains of the insensible motion we ctiil 
lieat will, if continued, produce complete integration or 
complete disintegration. Tlie sun’s rays falling on a cold 
mass, angmienting the molecular motions throughout it, 
and causing it to occupy more space, arc beginning a proc- 
ess wliich if carried far will disintegrate the mass into 
licpiid, and if curried farther will disintegrate the liquid 
into gas; and tlie diniinutioii of bulk wliich a volume of 
gas iindergoGS, as it parts with some of its molecular motion, 
is a dimitiution which, if the loss of molecular motion 
proceeds, will presently bo followed by liquefaction and 
eventually by solidification. And since there is no such 
thing as an absolutely constant temperature, the necessary 
inference is that every aggregate is at every moment pro- 
gressing toward either greater concentration or greater 
diffusion. 

Not only does all cluinge consisting in the addition or 
subtraction of inatter come under this licad ; and tiot only 
does this head include all cluingG called tlicrmal expansion 
or contractioii ; but it is also, in a general way, comprebon- 
sivo of all cliaiige distingiiisho<l as transposition. Every 
internal rc'.distribution whicdi leaves the component mole- 
cules or liie c<)iistitiicnt portions of a mass differently placed 
with respect to ones anotlier is sure to he at the same time 
a progress toward integration or toward disintegration— is 
sure to have altered in some degree the total space occupied. 
For wlien tlie parts have been moved relatively to one 
another, tlie chancica are infinit;y to one that their average 
distances from the common centre of tlie aggregate are no 
longer tlie same. Hence wliatever bo the special cliaracter 
of the redistribution — be it that of su}.)erficial accretion or 
dctaclimcnt, lie it that of general expansion or contraction, 
1)0 it that of rearrangement, it is always an advance in 
integration or <liBintegrafcion. It is always tlris, though it 
may at the same time be something further. 

§ A general idea of these univorsal actions under 
their Biiiijilest asiiocts having been obtained, we may now 
conBider tlicm ii rider certain relatively complex aspects. 
OhangOB toward greater ■concentration or .greater diffusion 
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nearly always proceed after a manner mxicli more involved 
tliairthat above described. Thus far we have supposed one 
or otlier of tlie two opposite processes to go on alone— we 
have supposed an aggregate to be either losing .motion and 
integrating, or gaining motion and disintegrating. Kiit 
though it is true that every change furthers one or other 
of these processes, it is not true that cither process is ever 
wholly unqualified hy the otlier. For each aggregate is at 
all times botli gaining motion and losing niotioiL 

Every mass, from a grain of sand to a planet, radiates 
heat to otlier masses, and absorbs heat radiated by otlicw 
masses; and in so far as it does the one it becomes in« 
tegrated, while in so far as it does the other it beconu^s 
disintegrated. Ordinarily in inorganic objects this donbic 
process works but unobtrusive effects. ()nly in a few 
cases, among wliich tliat of a clotnl is tlie most famil- 
iar, does the conflict produce rajnil {nid iiiarked transfor- 
mations. One of tliese floating bodies of va[)or expands 
and dissipates, if the amount of molecular motion it re- 
ceives from tlio sun and earth exoi^eds that which it losers 
by radiation into space and toward adjatU'.nt surfaces; 
while, contrariwise, if, drifting ovtn* cold nvountsiiii tops, 
it radiates to them much more heat than it receives, the 
loss of molecular motion is followed by increasing integra- 
tion of the vapor, ending in the aggregation of it into 
liquid and the fall of rain. Here, as elsewhere, the inte- 
gration or the disintegration ivS a differential result. 

In living aggregates, and more t^s|)ecially those (biassed 
as animals, these conflicting processes go on witli great 
activity under several forms. ^Phere is not. merely wliat 
we may call the passive integration of rnathvr, tliat. resutfs 
in inanimate objects from simple molecular att^aiciionB; 
but there is an active integration of it nndtu* the form of 
food. In addition to that passive superficial disi!d;t*gratioii 
which inanimate objects suffer from oxterual agtaits, ani- 
mals produce in themselves active internal disinhgration, 
by absorbing such agents into their BuljBtanee. While, 
like inorganic aggregates, tlu^y jxassively gwo off and re- 
ceive motion, tliey arcs also active al)Horb(‘rB of inotion 
latent' in food, and*, active exponders of that motion. Hut 
notwitlistanding this complication o,f the two processes, 
and the immense exaltation of tlie conflict between them, 
it remains true that there is always a diilarential progress 
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toward either integration, or disintegration. During the 
earlier part of the cycle of changes, the integration pre- 
dominates — there goes on what we call growth. The 
niiddlo part of the cycle is usually characterized, not by 
equilibrium between the integrating and disintegrating 
processes, but by alternate excesses of them. And tire 
cycle closes with a period in which the disintegration, 
beginning to predominate, eventually puts a stop to inte- 
gration, and undoes what integration had originally done. 
At no moment are assimilation and waste so balanced that 
no increase or decrease of rmuss is going on. Even in cases 
wliere one part is growing wliile other parts are dwindling, 
and even in* cases wliere dilferent ]iarts are dillcrently ex- 
posed to external sources of motion so that some arc 
expanding while others are contracting, the truth still 
holds. For the chances are infinity to one against these 
opposite changes balancing one another; and if they do 
not lialance one another, the aggregate as a whole is inte- 
grating or disintegrating. 

Everywhere and to the last, therefore, the change at 
any moment going on forms a part of One or otlier of the 
two processes. Wliilo tlic genera.1 history of every aggre- 
gates is divlinablo as a cliango from a dilfused impcrceptiblo 
state to a comarntratod. perceptible state, and again to a 
dill'us(.M,l imperceptililo state; every detail of the history is 
declinable as a part of either tlic one change or the other. 
Tills, then, must lie that universal law of redistribution of 
matter and motion, ^vhich serves at once to unify the seem- 
ingly diverse groups of changes, as well as the entire 
course of each group. 

§ 97. The processes thus everywhere in antagonism, and 
everywliere gaining now a temporary and now a more or 
less pcriiianent triumph the one over the other, we call 
Evolution and Dissolution. Evolution under its simplest 
and most general aspect is tlie integration of matter and 
concomitant dLssipatiou of motion; while Dissolution is 
tlie absorption of motion and concomitant diHintegration 
of matter. 

Tliese titles arc by no moans all that is desirable; or 
ratlier we may say tliat while the last answers its pur];)oso 
tolerably well, tlm first is opcm to grave objections. ■■ Evo- 
lution has other meanings, some of which are incongruous 

V' ■ 36 ,. ■ 
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with, and some even directly opposed to, the meaning here 
given to it. The evolution of a gas is literally an absorp- 
tion of motion and disintegration of matter, \vlri(?h is 
exactly the reverse of that which we liere call Evolution — 
is that which we here call Dissolution. As ordiiunily 
understood, to evolve is to unfold, to open and expand, to 
tlirow out, to emit; whereas, as we iniderstand it, the act 
of evolving, though it implies increase of a concrete aggre- 
gate, and in so far an expansion of it, implies tliat its 
component matter has passed from a more (lilTused to a 
more concentrated state — has contracted, Tlie antitiieticail 
word Involution would mucli more truly express the luiiaire 
of the process; and would, indeed, describe bditor the sec- 
ondary characters of tlie process wliicli we shall liave to 
deal with presently. Wc are obligcMl, liowever, notwith- 
standing the liabilities to confusion that must t^esult from 
these unlike and oven contradictory meanings, to use Evo- 
lution as antithetical to Dissolution. '’Flie word is now so 
widely recognized as signifying, not, indeed, the .general 
process above described, but sundry of the most (jonspicm- 
ous varieties of it, and certain of its secondary but most 
remarkable accompaniments, that wo cannot now substitute 
another word. All we can do is carefully to define the 
interpretation to be given to it. 

While, then, we sluill by Dissolution everywhere mean 
the process tacitly implied by its ordinary mcaning—the 
absorption of motion and diRintegra.tion of inattcu*; we 
shall everywhere mean by Evolution the procjess whic.h m 
always an integration of matter and dissipation of motion, 
but which, as wc sliaii now see, is in most cases much more 
than this. 


CHAPTER XIIL 

SIMPLE AND COMFOUNU EVOLUTION'. 

§ 98. Where the only 'forces at work are tlioso direcdly 
tending to produce aggregation or dilluskm, tlm whole 
history of ah aggregate' will comprise no more than tiie 
approaclies of its component toward tlieir coinmon centre 
and their recessions from their common centre. I'he 
process of Evolution, 'including no thiiig' beyond w'iiat was 
described at4he outset of tho last chapter, 'will be simple.' 
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Again, in cases wliei'e the forces which cause movements 
toward a common centre are greatly in excess of all other 
forces, any changes additional to those constituting aggre- 
gation will be comparatively insignificant — there will ])e 
integration scarcely at all modified by further kinds of 
redistribution. 

Or if, because of the smallness of the mass to be in- 
tegrated, or because of the little motion the mass receives 
from without in return for the motion it loses, the inte- 
gration proceeds rapidly, there will similarly be wrouglit 
but insignificant eifects on the integrating mass by inci- 
dent forces, even though these are considerable. 

But when, conversely, the integration is but slow; either 
because the quantity of motion contained in tlie aggregate 
is relatively groat; or because, tliough tlic quantity of mo- 
tion which each part possesses is not relatively groat, the 
large size of tlie aggregate prevents easy dissifration of the 
motion; or because, though motion is rapidly lost more 
motion is rapidly received; then, otlicr forces will cause 
in the aggregate appreciable modifications. Along with 
the cliange constituting integration, tlicre will take ;l)la^;^e 
supplementary clianges. I'lic Evolution, instead of being 
simple, will be compoiind. 

Tlie several propositions thus briefly ciuinciated require 
some explanation. 

§ 90. So long as a body moves freely through space, 
every force that acts on it produces an equivalent in the 
shape of some change in its motion. No matter how high 
its velocity, the sliglitest lateral traction or resistance causes 
it to deviate from its lino of movement — caiuses it to move 
toward the new source of trac.tion or away from tlie new 
source of resistance, Just us much as it would do had it no 
other motion. And the ellect of the |)erturbing influence 
goes on accumulating in the ratio of tlie squares of the 
times during wliicth its action continues uiiifonru Tliis 
same body, liowevcr, will, if it is united in certain ways 
witli other bodies, cease to be movable by small incident 
forccjs. Wlieu it is lield fast by gravitation or coliosion, 
these small incident forces, instead of giying it some rela- 
tive motion through spaccq are otherwise dissipatecL 
. What here liolds of masses Iiolds, in a qualified way, of 
the sensible parts of masses, and of molecules. As the 
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sensible parts of a mass, and the 

by Yirtue of their aggregation, not perfectly f ice, t is not 
true of each of them, as of a body moving tlirough Bpace, 
that every incident force produces an equivalent change tn 
position: part of the force goes in -vvorking other chiui„i|v 
But in proportion as tJio parts or the molecules aie tee dy 
bound together, incident forces clloct marked reariange- 
ments amon" them. At the one extreme, where the inte- 
gration is so slight that tlio parts, sensible or insei^ible, 
'Le almost independent, they are almost coinpletely ame - 
able to every additional action; and along \yith ttio 
concentration going on there go on other rodistributun 
Oontrariwise, where the parts have approac let v . 
such small distances that what wo call the _att.racii<m of 
cohesion is great, additional actions, unless intmisc, cuim 
to have much power to cause secondai-y rinirriingeincn U 
The firmly ffnited parts no longer readily cluingo Uieii itl- 
ativo positions in obedience to small perturlmig iniliiences; 
but each small perturbing intluence usually does litihroi 
nothing more than temporarily modify the msensiblc 
molecular motions. 

How may wo best express this differcnco in the most 
general terms? An aggregate that if, widely dilfuscd, or 
but little integrated, is an aggregafe that contains a lai^e 
quantity of motion — actual or potential or both. An 
a<^irre2:ate that has becorno completely uitegrated, or hcaise, 
is one that contains comparatively little motion: mosioi. 
the motion its parts onco had has been lost, tiuriug Urn 
integration that has rcndercl it dense. _ Hence, utner 
things equal, in proportion to tlio qiinntity ol motion 
wheh an aggregate contains will lie the qniintiit.y ol sccoiul- 
ary change in the arrangement of its parte that accompmues 
the primary change in their arrangement. Hence also, 
other things equal, in proportion to tlie time during W'lf’h 
the internal motion is retained will lie tin; quuntily of tins 
secondary rodisti’ibution that accompanies the |n’imary 
redistribution. It matters not liow t.lu‘S(! condition.^ an) 
fulfilled. Whether the internal motioii (.(intiniitis great 
beoanso the components are of a kind that will not readily 
aggregate, or because surrounding conditions {ireveiit them 
from parting with tlioir motion, or because the loss of their 
motion is impeded by the size of the aggregate they form, 
or because they directly or indirectly obtain more motion 
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in place of that wliicli they lose ; it throughotit remains 
true that much retained internal motion must render sec- 
ondary redistributions facile, and that long retention of it 
must make possible an accumulation of such secondary 
redistributions. Conversely, the non-fulfilment of these 
conditions, however caused, entails opposite results. Be 
it that the components of the aggregate have special apti- 
tudes to integrate quickly, or be it that the smallness of 
the aggregate formed of them permits the easy escape of 
their motion, or be it that they receive little or no motion 
in excliange for that which they part witli ; it alike holds 
that but little secondary redistribution can accompany the 
primary redistribution constituting their integration. 

^Jdioso abstract propositions will not be fully understood 
without illustrations. Lot us, before studying simple and 
compound Evolution as thus determined, contemplate a 
few cases in which the quantity of internal motion is arti- 
ficially changed, and note the effects on tlie rearrangemont 
of parts. 

§ 100. We may fitly begin with a familiar experience, 
introducing the general principle under a rude but easily 
comprcliensible form. When a V(‘SHel lias been filled to 
tlie brim with loose fragments, shaking the vessel causes 
them to settle down into less siiace, so that more may bo 
put in. And when among the fragments there are some 
of much greater specific gravity than tlio rest, these, in 
the course of a prolonged shaking find their way to the 
bottom. What now is the meaning of siieli results, when 
expressed in general terms? Wo liavo a group of units 
acted on by an incident force — the attraction of tlie Earth. 
8o long as these units are not agitated, this incident force 
produccB no changes in their relative positions; agitate 
them, and immediately their loose arrangement passes into 
a more compact arrangement. Again, so long as they are 
not agitated, the incident force cainiiot scqitiratc tlu^ieavier 
units from tlie lighter; agitate them, and iinmediately the 
lieavier units liegin to segregate. Mechauie.al disturbances 
of more ininutc kinds, acting on the parts of much denser 
aggregates, produce analogous etIeetB. A piece of iron 
wliich, when it leaves the workshop, is fibrous in strue- 
ture, becomes crystalline if exposed to a , perpetual 
The polar forces mutually exercised by the atoms fail to 
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change the disorderly arrangement into an orderly arrange- 
ment while the atoms are relatively quiescent; but tiiese 
forces succeed in rearranging them when tiie atoms are 
kept in a state of intestine agitation. Similarly, tlie fact 
that a bar of steel suspended in the magnetic meridian nnd 
repeatedly struck becomes magnetized, is ascribed to a 
rearrangement of particles that is produced by the magnetic 
force of the Earth when vibrations are propagated through 
them, but is not otherwise produced, JSlow imperfectly as 
these cases parallel the mass of those we are considering, 
they nevertheless serve roughly to illustrate the ciTect; wliich 
adding to the quantity of motion an aggregate contains, 
has in facilitating rearrangement of its parts. 

More fully illustrative are the instances in v/liitdi, by 
artificially adding to or subtracting from tliat molc<*uIar mo- 
tion which we call its heat, wo give an aggriJgatc* iiun’cased 
or diminished facility of rearranging its moiecul(‘S. d1io 
process of tempering steel or annealing glass sliows us that 
internal redistribution is aided by insensible vi})rations, as 
we have just scon it to bo by sensible vilirations. When 
some molten glass is dropped into water, and wlien ifs 
outside is thus, by sudden solidification, iirevented f!*om 
partaking in that contraction which the subsequent cooling 
of the inside tends to produce, the units are left in such a 
state of tension tliat the mass flies into fragments if a Bnuill 
portion of it be broken off. But if this nuiss be kc|)t, for 
a day or two at a considerable lieat, thougli a lu‘at not 
suflicient to alter its form or produce any sensil>lo dimimi- 
tion of hardness, tills extreme ]>rittlon(‘Ss disapix'urs; I he 
component particles being thrown into greater agilation, 
the tensile forces are enabled to rearranges tJima into a 
state of equilibrium. M'uch more conspicuously do we see 
the effect of the inscnBiblc motion cal hid heat, win we tlte. 
rearrangement of parts taking place is tliat of visilde Si'g- 
regation. An instance is furnished by the sulisideiHiC of 
fine precipitates. These sink down very slowly from sol it - 
tions that are cold; while warm solutions (hiposit them 
with comparative rapidity, ^riiat is to say, exalting t!te 
molecular oscillation tliroughout tive nmss ailowB the sus- 
pended particles tosepsiraktmore readily from 'ti'ie partiitliJS' 
of fluid, fldie influence ■■of heat on cliemicul ehangi^s is so 
familiar, that exaniides are aear(?ely nce(ied. Be the sub- 
'■■ stances; concerned gaseous, liquid,, or., solid, it equally hoick' 
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that their chemical imions and dismiions are aided by rise 
of temperature. Affinities which do not suffice to effect 
the rearrangement of mixed units that are in a state of 
feeble agitation, suffice to effect it when the agitation is 
raised to a certain point. And so long as this molecular 
motion is not great enough to prevent those chemical cohe- 
sions which the affinities tend to produce, increase of it 
gives increased facility of chemical rearrangement. 

Another class of facts may he adduced whicli, though 
not apparently, are really illustrative of the same general 
tnitli. Other things equal, the liquid form of matter 
implies a greater quantity of contained motion tlian tlie 
solid form — the liquidity is itself a consequence of such 
greater quantity. Hence, an aggregate made up partly of 
liquid matter and partly of solid matter contains a greater 
quantity of motion than one which, otherwise like it, is 
made up wholly of solid matter. It is inferable, then, that 
a liquid-solid aggregate, or, as we commonly call it, a 
plastic aggregate, will admit of internal redistribution 
with comparative facility; and the inference is verified 
by experience. A magma of unlike substances, ground 
up with water, while it continues thin allows a settiement 
of its heavier components — a separation of tliem from the 
ligliter. As the water evaporates this separation is im- 
|)eded, and (xvases when the magma becomes very thick, 
Ihit even when it has reaelied the semi-solid state in which 
gravitation fails to cause further segregation of its mixed 
components, other forces may still continue to produce 
segregation: witness the fact, to which attention was first 
drawn by Mr. Babbage, tlxat wlien the pjisty mixture of 
ground flints and kaolin, prepared for the manufacture of 
porcelain, is kept some time, it becomes gritty and unfit 
for use, in consequence of the particles of silica separating 
themselves from tlie rest, and uniting togediluvr in grains; 
or witness the fact, known to every housewife, that in long- 
kept currant-jelly the sugar takk the shape of imbedded 
crystals. 

No matter, then, under wliat form the motion contained 
by an aggregate exists—he it mere mecfiumical agitation 
or the niecliauical vibrations such as produce sound, be lt 
tnoleeular motion absorbtid from witliout, or the constitu- 
tional molecular motion of some component liquid, the 
same truth holds throiighoui Incident forces work sec-* 
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ondary redistributions easily when the contained motion 
is large in quantity; and work them with increasing diffi- 
culty as the contained motion diminishes. 

§ 101. Yet another class of facts that fall within the 
same generalization, little as they seem related to it, must 
be indicated before proceeding. Thoy are those presented 
by certain contrasts in chemical stability. Speaking gen- 
erally, stable compounds contain comparatively little molec- 
ular motion; and in proportion as tlio contained molecu- 
lar motion is great the instability is great. 

The common and marked illiistration of this to be first 
named is, that chemical stability decreases as tempm^ature 
increases. Compounds of which the elements are strongly 
united and compounds of wliicli the elements are feebly 
united are alike in this, that raising their liea,ts or increas- 
ing the quantities of their contained molecular motion 
diminishes tlic strengths of tlie unions of tlunr eiementB; 
and by continually adding to tlie quantity of (tontaineci 
molecular motion, a point is in each case rea(‘ii(‘d at wbicdi 
the chemical union is destroyed. That is to say, tlie n?- 
distribution of matter which constitutes simple chemitad 
decomposition is easy in proportion as the quantity of 
contained motion is great. The like holds wnth double 
decompositions. Two compounds, A B and G 1), mingled 
together and kept at a low temperature, may sevtu'ally re- 
main imchanged — tlie croKSS affinities between their com- 
ponents may fail to cause re-distribution. Incrreiise tiio 
heat of the mixture, or add to the luolecular motion 
throughout it, and redistribution takes |)hit*(v— ending in 
the formation of the compounds, A C and B 1>. 

Another chemical truth, having a like imjilieation, is 
that chemical elements which, as they ordinarily exist, 
contam much motion, have conibinathms less stable than 
those of which the elements, as tliey ordinarily exist, {‘on- 
tain little motion. The gaseous form of matter implies 
a relatively largo amount of molecular motion ; wbilo the 
solid form implies a relatively small amount of molecnilar 
motion. What are the 'characters of their respective,^ com- 
pounds? '[fhe compounds wliicsh the per.inaiient gases form 
with one anotlnw cannot resist high temperatiireB; most 
of, them are easily decomposed by lieat, mul at a red lieat 
even the stronger , ones yield up , thedr components* On 
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the other hand, the chemical unions between elements that 
are solid except at very high tempei'atures are extremely 
stable. In many, if not indeed in most, cases, such com- 
bined elements are not separable by any heat we can pro- 
duce. 

There is, again, the relation, which appears to have a 
kindred meaning, between instability and amount of com- 
position. In general, the molecular heat of a compound 
increases with the degree of complexity.” With increase 
of complexity there also goes increased facility of decom- 
position. Wlience it follows that molecules which contain 
much motion in virtue of their complexity are those of 
wliich the components are most readily redistributed. 
This holds not only of the complexity resulting from the 
union of several unlike elements, but it holds also of the 
complexity resulting from the union of the same elements 
in higher multiples. Matter has two solid states, distin- 
guished as crystalloid and colloid — of which the first is duo 
to union of tlm individual atoms or molecules, and the 
second to the union of groups of such individual atoms or 
molecules, and of wliicli the first is stable and the second 
unstable. 

But the most striking and conclusive illustration is fur- 
nislied by the combinations into which nitrogen enters. 
Tliese have the two characters of I)eing specially unstable 
and of containing specially great quantities of .motion. A 
recently ascertained peculiarity of nitrogen is that, instead 
of giving out heat when it combines with other elements, 
it absorbs heat That is to say, besides carrying with it 
into the liquid or solid compound it forms, tlie motion 
which previously constituted it a gas, it takes up axiditioiml 
motion; and where the otlier element with which it iinite%, 
is gaseous, the molecular motion proper to this also is 
hxdicd up in the compound. Now these nitrogen com- 
pounds arc iiniisually prone to decomposition; and the 
decompositions of many of them take place with extreme 
violence. All our explosive substances are nitrogcnoufi~ 
the most terribly destructive of tbem all, chloride of 
nitrogen, being one which contains the immense quantity 
of motion proper to its component gases, plus a certain 
further quantity of motion. . 

Clearly these" general chemical truths are parts of the 
more general physical truth we are tracing out. We see in 
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them that what holds of seBsible aggregates holds also of 
the insensible aggregates we call molecules. Like the 
aggregates formed of them, these nltiniate iiggrega,tes be- 
come more or less integrated according as they lose or gain 
motion; and like them also, according as tlicy contain 
much or little motion, they are liable to undergo Bccondary 
redistributions of parts along with the primary redistri- 
bution . 

§ 102. And now, having got this general principle clearly 
into view, let us go on to observe how, in conformity with 
it, Evolution becomes, according to the conditions, either 
simple or compound.’ 

If a little sal-ammoniac or other volatile solid 1)0 hcat.ed, 
it is disintegrated by the absorbed molecular moi.ion, and 
rises in gas. When the gas so produced, coming in con- 
tact witli a cold, surface, loses its excess of molecular rnotioii, 
integration takes place — the su])sia,ii(H5 assumes the form of 
crystals. Tliis is a case of sim|)le c^volution. d'lie process of 
concentration of matter and dissipation of motion doc‘s not 
here proceed in a gradual matiner — does not pass iliroiigh 
stages occupying considerable periods; but tlie molecular 
motion which reduced it to the gaseous state ladng dissi- 
pated, the matter passes suddenly to a completely solid 
state. The result is that along with tlris primary redis- 
tribution there go on no appreciable secondary redist ril)u- 
tions. Substantially tlie same thing liohls with, ci’ystals 
deposited from solutions. Loss of that tnolccular nujt.ion 
which, down to a certain |)oiut, kcH;*ps the molemilt's from 
uniting, and sudden solidilication when the loss gotis l)eIow 
that point, occur Imre as hefoia^; and here, us bchuag tlie 
absence of a period during which the ruoleeules are par- 
tially free and gradually losing their freedom, is aeeomini- 
nied by the absence of supplementary rearrarigemenis. 

Mark, conversely, what hai)|)ens wlien the (Mmceiitraii^m 
is slow. A gaseous mass losing its lieat, and undi»rgf)ing a 
consequent decrease of bulk, is not Kubject only to this 
change, wlueli Imings its parts nearer to their* co!nmon 
centre, but also to many simultaneous (.‘Imngc's. '‘rhe grtait 
quantity of molecular motion contained in it, giviisg, as 
we have seem that it must, great molecular mobility, ren- 
ders', every part sensitive to every incident force; iiriVl, as a 
TesultjAts parts have various motions, besides'that implied 
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by their progressing integration. Indeed, these secondary 
motions, which we know as cux’rents, are so important and 
comspicnous as quite to subordinate the primaiy motion. 
Suppose that presently the loss of molecular motion has 
reached that point at which the gaseous state can no longer 
be maintained, and condensation follows. Under their 
more closely-united form, the parts of the aggregate dis- 
play, to a considerable degisee, the same phenomena as be- 
fore. The molecular motion and accompanying molecular 
mobility implied by the liquid state permit easy reaxTango- 
inent ; and hence, along with further contraction of volume, 
consequent on fnrtlier loss of motion, tlierego on rapid and 
marked cljangos in the relative position of parts — local 
streams produced by sliglit disturbing forces. But now, 
assuming the substance to be formed of molecules that have 
not those peculiarities leading to the sudden integration 
wdiicli we call crystallization, what happens as the molecu- 
lar motion fnrtlier decreases? The liquid thickens — its 
parts cease to be relatively movable among one another 
with ease; and tlie transpositions caused by feeble incident 
forces become comparatively slow. Little by little the cur- 
rents are stopped, but the mass still continues ixiodillable by 
stronger incident forces. Gravitation makes it bend oi' 
spread on t wlien not supported on all sides ; and it may easily 
1)0 indented. As it cools, however, it continues to grow 
stifferas we say — less capable of having itspai'ts changed in 
tlieir relative positions. And eventually, further loss of heat 
rendering it quite hard, its parts are no longer appreciably 
rcarrangeable Ijy any save violent actions. 

Among inorganic aggregates, then, secondary redistri- 
butions accompany the primary redistribution, throughout 
tile whole process of concentration, where this is gradual. 
During the gaseous and liquid stages, tlie secondary redis- 
tributions, ra,pid and extensive as tiiey are, leave no traces— 
the molecular mobility being such as to negative the fixed 
arrangement of parts we call Rtructure. On approaching 
solidity we arrive at a condition called plastic, in which 
redistributions can still be made, though much less easily; 
and in which, being changeable less easily, they have a cer- 
tain persistence — a persistence which can, however, become 
decided, only where further solidification stops further re- 
distribution! 

, Here we see, in the first place, what are the coxxditions 
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under wHcli Evolution instead of being simple becomes 
compound — while we see, in the second place, how the 
compounding of it can be carried far only under conditions 
more special than any hitherto contemplated; since, on 
the one hand, a large amount of secondary redistribution 
is possible only where tliere is a great quantity of contained 
motion, and, on the other hand, these redistributions can 
have permanence only where the contained motion has be- 
come small — opposing conditions wbicli seem to negative 
any large amount of permanent secondary redistribution* 

§ 103. And now we are in a position to observe how 
those apparently contradictory conditions are recomdled; 
and how, by the reconciliation of tliem, ijcnananent seo 
ondary redistributions immense in extent ar(^ iriadc^ ])ossihle. 
We shall appreciate the distinctive peculiarity of the 
aggregates classed as organic, in which Evolution l)ecomes 
so highly compounded ; and shall see that tliis peculiarity 
consists in the combination of matter into a form (‘inlxHly- 
ing an enormous amount of motion at tlic same time tiiat 
it has a great degree of concentration. 

For, notwithstanding its semi-solid consistence, organic 
matter contains molecular motion locked up in each of ilio 
ways above contemplated separately. Lotus note its sev- 
eral constitutional traits. Three out of its four cliief com- 
ponents are gaseous; and in their uncomlhned states tlio 
gases united in it liave so mucli molecular motion that 
they are incondensible. Hence as the chara,cti;r8 of ele- 
ments, tliough disguised, cannot be absolutely lost iu ciun- 
binations, it is to bo inferred that the |)rf>t<*in-in(>lccail 0 
concentrates a comparatively largo amount of motion in a 
small space. And since many equivalents of tlu'se ga.sc‘oiis 
elements unite in one of tiiese pit)tein-inolcHailes, fhere 
iniist he in it a large quantity of relative medion iu addi- 
tion to that which the ultimate atoms poss(‘S8. M()re(iVi*r, 
organic matter lias the peculiarity tliat its moh^culi^s are 
aggregated into the colloid and not into the crystalloid 
arrpigement; forming, as is BUfiposed, clusters of chisiers 
which liave movements in relation to one anotlmr* Hcn*e, 
then, is a further mode in which molecuhir motion, is in- 
nliided. Yet again, these compounds of which tlie osscnitial 
parts of orgo'inisms are built are nitrogenoiiH; and we have 
lately seen it to be a peculiarity of ndtrogaiious compoundSi 
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that instead of giving out heat during their formation 
they absorb heat. To all the molecular motion possessed 
by gaseous nitrogen, is added more motion; and the whole 
u concentrated in solid protein. Organic aggregates are 
very generally distinguished, too, by liaving much insen- 
sible motion in a free state — the motion we call heat. 
Tiioiigh in many cases the quantity of this contained in- 
sensible motion is inconsiderable, in other cases a tempera- 
ture greatly above that of the environment is constantly 
maintained. Once more, there is tlie still larger quantity 
of motion embodied by tlie water that permeates organic 
matter. It is tiiis which, giving to the water its high 
molecular mobility, gives mobility to the organic molecules 
partially suspended in it ; and preserves that plastic condi- 
tion wliich so greatly facilitates redistribution. 

From these several statements, no adequate idea can be 
formed of the extent to wliich living organic siihstance is 
thus (listingnished from other substances having like sensi- 
ble forms of aggregation. But some approximation to 
such an idea may be obtained by contrasting the bulk 
ocoupied by tins substance, with the hulk whicli its con- 
stituents would occupy if uncomliiued. An accurate com- 
parison cannot be made in the present state of siiionce. 
Wluit expansion would occur if the constitnentB of the 
nitrogenous compounds could be divorced witliout the 
addition of motion from without, is too complex a question 
to lie answered. But respecting the constituents of that 
whicdi forms some four-fifths of the total weight of an 
ordinary animal — its water — a tolerably definite answer 
can I)e given. Wore the oxygon and hydrogen of water to 
lose their affinities, and were no molecular motion supplied 
to thenn beyond that contained in water at lilood-heat, 
they would assume a volume twenty times tliat of tlie 
water. Wlicthcr protein under like conditions would 
expand in a greater or a loss degree, must remain an open 
question ; hut remembering tlie gaseous nature of three out 
of its four chief components, remembering the above-named 
peculiarity of nitrogenous compounds, remembering the 
high maltiplos and the colloidal form, we may conclude 
tliat the expansion would bo great. Wo shall not be far 
wrong, therefore, in soying that the elements of the human 

>‘*■1 am indebted for this Dr. Frank land, who has bea» good enough 

to Imv© the calculation made for m«. 
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“body, if suddenly disengaged from one anotlier, would oc- 
cupy a score times the space they do: the iiuxvcuntuits of 
their atoms would compel this wide dillasion. dims the 
essential characteristic of living organic matter is tliat it 
unites this largo quantity of contained motion witli a 
degree of cohesion that permits temporary fixity of ar- 
rangement. 

§ 104 . Further proofs that the secondary redistributions 
which make evolution componnd depend for their possi- 
bility on the reconciliation of these conflicting conditions, 
are yielded by comparisons of organio aggregates with 
one another. Besides seeing that organic aggregat{:^s differ 
from other aggregates, alike in tlie quantify of motion 
they contain and the amount of rearraogenumt of parfs 
that accompanies tlieir progressive integrafiou; wt^ sliall 
see that among organic aggregate's iheiusolvces diifererutea 
in the quantities of contained rnotion arc3 accompanied by 
diflerences in the amounts of redistribution. 

The contrasts among organisms in elieniical composi- 
tion yield us the first illustrutiort. Aniinals are distin- 
guished from plants by their far greater iiriioiints of 
structure, as well as by the far greater rajiidiiy with 
which changes of structure go on in tliem; and, in com- 
parison with plants, animals are at the sjune time cjonspicu- 
bus for containing immensely larger pro|>ort;ioMS of tlioso 
highly compounded nitrogenous molecules in whicli so much 
motion is locked up. 8o, too, is it wif ;h f.he coiit-rasts be- 
tween the ditrerent parts of eadi a-iiimal dlmugli c(*rtain 
nitrogenous parts, as cartilage, arc inert, yet. (.lie parts in 
which the secondary redistributions liavti gone (ui, atnl 
are ever going on, most actively are those in whitdi the 
most highly compounded moleeuhis predomiiia.te, ami jiarts 
wliioli, like the deposits of fa.t, consist of relatividy siriijxle 
molecules, are seats of but little st-niqture and but little 
change. 

"We find clear proof, too, tlu'it tlio continuance of tlia sec- 
ondary redistributions by which, organic aggregates are so 
remarkably distinguished depends on the prcHtmec of that 
motion contained in the water diffused tlirough tliem; .and 
that, other things equal, there is a direct relation between 
the amount of redistribution and the a,moiint,c>f coiitiiinad 
.water. , The evidences may be put in three groups* .There is 
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the familiar fact that a plant has its formatiTe changes ar- 
rested by cutting off the supply of water: the primary re- 
distribution continues — it withers and shrinks or becomes 
more integrated — but the secondary redistributions cease. 
There is tiie less familiar, but no less certain, fact, that 
tae like result occurs in animals — occurs, indeed, as might 
be expected, after a relatively smaller diminution of water. 
Ceitain of the lower animals furnish additional proofs. 
The liof/ifGTa may be rendered apparently lifeless by desic- 
cation, and will yet revive if wetted. When the African 
rivBrs wliich it inhabits are dried up, the Lepidosiren re- 
nnuiis torpid in tlie hardened mud until tlie return of the 
rainy season brings water, Humboldt states that, during 
the summer drought, the alligators of the Pampas lie bur- 
iod in a state of suspended animation beneath the parched 
surface, and struggle up out of the earth as soon as it 
becomes humid. Tlie history of each organism teaches us 
tlio same thing. The young plant, just putting its head 
above the soil, is far more succulent than the adult plant; 
and tlie amount of transformation going on in it is rela- 
tively much greater. In that portion of an egg which dis- 
plays the formative processes during the early stages of 
incubation, the clianges of arrjingement arc more rapid 
tlian those wliich an equal portion of the l)ody of a liatched 
chick undergoes. As may be inferred from their respec- 
tive powers to acquire habits and aptitudes, tlie structural 
modifiability of a child is greater than that of an adult 
man; and the structural modifiability of an adult man is 
greater than that of an old man — contrasts wliich are ac- 
companied by corresponding contrasts in the densities of the 
tissues, since the ratio of water to solid matter diminishos 
with advancing age. And then we have tliis relation re- 
peated in tlie contrasts between parts of tlie same organ- 
ism. In a tree, rapid structural clianges go on at the ends 
of shoots, wliere tlio ratio of water to" solid matter is very 
great; while the changes are very slow in the dense and 
almost dry substance of the trunk. Similarly in animals, 
we liave tlie contrast beduveeu the high rate of change going 
on in a soft tissue like the brain, and the low rate of 
cliange going on in dry non-vascular tissues, such as those 
which form liairs, nails, liorns, (‘tc. 

Other groups of facts prove, in an equally unmistakable 
way, that the guantil^y of pepogdai'i' I’edi^fril^ution in an 
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organism varies, emteris p(irilm.% according to the contaiincfl 
qnantity of tlio motion we caill lieat. T1k 3 (?ontr{ist8 Ir:*- 
tween different organisms, and different staites of tlie sjuri .3 
organism, unite in showing this. Speaiking generally, thf 
amounts of structirro amd rates of stractiinil eluinge jiin 
smaller tliroiighoiit the vegetal kingdom than tlirouglioat 
the animal kingdom; and, speaking generally, tlie lieafof 
plants is less than tlie lieat of animals. A comparisoi of 
the several divisions of the animal kingdom with 0110 an- 
other discloses among them parallel relations. Kegarflecl 
as a whole, vertebrate animals are higlier in tein|>eraluro 
than invertebrate ones; and they are as a whole higlier iii 
organic activity and complexity. Between subdivisions of 
the vertebrata themselves, like dilferences in iho sinie of 
molecuhu* vibration accompany like diilVnnuu's in tlicdc- 
grecof evolntion. ''Bho least eomporindcd of tlic Veriehrda 
are the fishes; and in most cases the heat of fishes is nearly 
the same as that of tlio water in wdiioli they sudTn-'Srnlj 
some of thorn being decidedly WTirnu'r. Bhougli we Imlnt- 
ually speak of reptiles as cold-blooded, and iliongh tirer 
have not much more power than fislies of maintaining k 
temperature above that of their medium, yet siiKHi tlmir 
medium (wdiich is, in the majority of eases, the air of 
warm climates) is on the average wainner than the medium 
inhabited by fishes, the temperature of tlio class of reptiles 
is higher than that of the class of fishes; and we see in 
them a correspondingly higher complexity. Hie much 
more aetive rnoleeular agitation in inainnials ;iud birds is 
associated with a considerahly gvoatcr mnit.iformity of 
structrire and a very far greater vivam'ty. fidie most in- 
structive contrasts, ]io\vever, are those oemirring in the 
same organic aggregates at <1 iilerent teinpfU’iitii ri'sl Plaiiis 
exhibit structural changes that vary in rate as the t(nn|ier- 
aturc varies. Though light is the agent wliieli (*Hhets Uumi 
molecular cliaiiges causing vegetal growtli, y<‘t wi? sei* i,hat 
;in .the .absence of heat such changes are not etTeeted: in 
winter there is enough light, but tlie heat being insiiHi- 
cient plant-life is suspended. Thai this is tlm Hob,^ eaime 
of the HuspenBion is jirovod liy thci fact, tlml- at the suiiie 
season plants contaimal in liot-honsas, wlmri* tliey rec*eive 
■even a smaller amount of light, go on producing leiives and 
flowers. We see,,, too, that their seeds, to wliich light is 
.not simply needless but detrimentul, begin, to germinate 
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only wlien the return of a warm season raises the rate of 
nioiecular agitation. In like manner the ova of animals, 
undergoing those changes by wliich structure is produced 
in them, must be kept more or less warm; in the absence 
of a certain amount of motion among their molecules, the 
re-arrangement of parts does not go on. Hybernating ani- 
mals also supply proof that loss of heat carried far retards 
extremely the processes of transformation. In animals 
which do not hybernate, as in man, prolonged exposure to 
intense cold produces an irresistible tendency to sleep 
(which implies a lowered rate of structural and functional 
changes); and if the abstraction of lieat continnos, this 
sleep endvS in death, or stoppage of these changes. 

Here, then, is an accumulation of j^roofs, general and 
special. Living aggregates are distinguished by the con- 
nected facts, that during integration they undergo very 
remarkable secondary clninges which other aggregates do 
not undergo to any considerable extent; and that they con- 
tain (bulks being supposed equal) immensely greater (pian- 
tities of motion, locked np in various ways. 

§ 105. The last chapter closed with the remark that 
while Evolution is always an integration of Matter and 
dissipation of Motion, it is in most cases much more. And 
this cluiptcr o])ened by brieliy specifying tlie conditions 
under whieli evolution is integrative only, or remains sim- 
ple, and the conditions under which it is something fur- 
ther than integrative, or becomes compound. In illustrat- 
ing this contrast between simple and compound Evolution, 
and in explaining how the contrast arises, a vague idea of 
Evolution in general ha.s been conveyed. Unavoidably, 
we have to some extent forestalled the full discussion of 
Evolution about to bo commenced. 

Tlierens nothing in tins to regret. A preliminary con- 
ception, indeiinite but comprehensivo, is always useful as 
mi introcluetion to a complete conception — cannot, indeed, 
be dispensed with. A complex idea is not communicable 
directly by giving one after anotlua* its component parts 
in tiieir finished forms; since if no outline pre-exists in 
the mind of tlio recipient, these component parts will not 
bo rightly CO rnbined. Tlie intended eonibiiiation can he 
made only when the recipient has discovered for himself 
how the components are to be arranged. Much labor has 
II • 
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to be gone tliroiigb which would have been saved had a 
general notion, however cloudy, been conveyed liefore tlie 
distinct and detailed delineation was conimenceiL 

That which the reader has incidentally gatliered respect- 
ing the nature of Evolution from the foregoing sections, lie 
may thus advantageously use as a rude sketch, enabling Iiiin 
to seiise the relations among the several parts of ilie en- 
larged picture as tliey are worked oiit before him. He 
will constantly bear in mind that the total liistoryof every 
sensible existence is included in its Evolution imd Dissohi- 
tion — whicli last process we leave, for the present, out of 
consideration. He will remember tliat, ■whatever asiieet of 
it w'O are for the moment considering, Evolution is alwa3\H 
to be regarded as fnnda, men tally an integrai.ion of Matter 
and dissipation of Motion, whicli may be, and usually is, 
accompanied incidentally by othcuH-raiisfcn-niatioris of Mat- 
ter and Motion. And lie will everywliere expect to tind 
that the primary redistribution ends in forming aggregates 
which are sirnplc wliere it is ra|)i(l, luit wliieli become 
compound in proporiion as its slowness tillows the effe<‘ts of 
secondary redistributions to accumulate. 

§ lOG. There is much difficulty in tracing out trans- 
formations so vast, so varied, and so intricate as those now 
to be entered upon. Besides having to deal witli concrete 
phenomena of ail orders, ^ve have to deal witli each gron|) 
of phenomena under several a.spe<*ts, no one of wliicii can 
be fully understood a.par{; from tlie rest, and no one of 
which can be Btudied Bimulianeously wilJi the rest. 
Already wo have scon tliat flnring l<]\-o]uiion two great 
classes of changes arc going on togelJior; and we sliall 
presently see that the secoml of tlicso grcait <dasses is in- 
divisible. Entangled with one anotiier asail these chnngiis 
are, explanation of anyone claBS or order involviss direct or 
indirect reference to others not yet explaimvcl. We have 
nothing for it but to make tlie best practicable coinpro- 
.''mise. 

It will be most convenient to devote the next diapti?!* to 
a detailed account of Evolution under its .primary asi'ieet; 
.tacitly recognizi,ng its secondary aspe(*ts only so ,lur m the 
exposition xiecessitatoB. ■ 

The' succeeding two chapters, occupied ©.xclusively with 
the^ secondary redistributions,, will ■ make no referencjoto 
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the primary redistribution beyond that which is unavoid- 
able— each being also limited to one particular trait of the 
secondary redistributions. 

In a further chapter will be treated a third, and still 
more distinct, character of the secondary redistributions. 


CHAPTEE XIV. 

THE LAW OP EVOLXJTIOIT. 

§ 107. Deduction has now to be verified by induction. 
Thus far the argument has been that all sensible existences 
in some way or otlierand at some time or other, reach 
their concrete shapes through processes of concentration ; 
and such facts as have been named have been named merely 
to cL'irify tlie perception of this necessity. But we cannot be 
said to have arrived at that unified knowledge constituting 
Philosophy, until we have seen how existences of all orders 
rfo exhibit a progressive integration of Matter and concom- 
itant loss of Motion. Tracing, so far as we may by ob- 
servation and inference, the objects dealt with by the 
.Astronomer and the Geologist, as well as those which Biol- 
ogy, Psychology, and Sociology treat of, we have to consider 
wilat direct proof tliere is that the Cosmos, in general and 
in detail, conforms to this law- 

In doing this, manifestations of the law more involved 
than those hitherto indicated will chiefly occupy us. 
Throughout the classes of facts successively contompiated, 
our attention will be directed not so much to the truth 
that every aggregate has undergone, or is undergoing, in- 
tegration, as to the further truth that in every more or 
less separate part of every aggregate, integration has been, 
or is, in progress. Instead of simple wholes and wholes of 
which the complexity has been ignored, wo have here to 
deal with wholes as they actually exist — mostly made up 
of many members combined in many ways. And in them 
we shall have to trace the transformation as displayed 
under several forms — a passage of tlie total mass from a 
more diffused to a more consolidated state; a concurrent 
similar passage in every portion of it that comes to have a 
distinguishable individuality; and a simultaneous increase 
of combination among such individuated portions* 
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. §108. Onr Sidereal System by its general form, by its 
clusters of stars of all degrees of closeness, and by its nebit- 
la3 in all stages of condensation, gives us grounds to suspect 
that, generally and locally, concentration is going on. 
Assume that its matter has been, and still is ))eiiig, drawn 
together by gravitation, and we liave an expla-nation of all 
its leading traits of structure — from its solidified imisses 
xiptoits collections of attenuated llcxxnili barely di secern ibhj 
by the most powerful telescopes, from its double stars ii|) 
to such coniplex aggregates as tlio niibcculte. 'Withonfi 
dwelling on this evidence, however, let us pass to tlie (aise 
of the Solar System. 

Tlie belief, for which there are so many reasons, that 
this has had a nebular genesis, is tlio belief tlia,t it has 
arisen by the integration of matter and concornihnit loss 
of motion. Evolution, under its primary aspect, is illms- 
trated most simply and clearly by tiiis passage of the Solar 
System from ti widely difrused imaiheiamt stat-e to a con- 
solidated coherent state. While, according to tlie nebular 
hypothesis, there has been going on this gradual connni- 
t.ration of the Solar System as an aggregate*, tlierc has l)e(*n 
a simultaneons concentration of caeli partially iadtjpemd- 
ent member. The substance of every planet in passing 
through its stages of nebulous ring, gaseous spheroitj, 
liquid splieroid, and spheroid externally solidifiecl, Inis in 
essentials paralleled the changes gone through by tlio gene- 
ral mass; and every satellite lias done the like. Mor{H>ver, 
at the same time that the rnattiu* of the whole, as W(*]l as 
tlic matter of each ])a-rtially indep(‘nflciit [Kirt, has lH?en 
tlius integrating, there has litum tlie furl. her init^gration 
implied by increasing combination among iht^ parts. Tlie 
satellites of each planet are linked with tljcdr primary into 
a balanced cluster; while the planets and sa.tcHtteH 

form with the Sun a compound group of wlucli tlie mem- 
bers arc more strongly bound up with one another than 
were the far-spread portions of the nebulous rnedium out 
of wliich they arose. 

liven apart from the nebular hypothesis, the Solar' Sys- 
tem fumishes evidence having a like gcmm-al meaning. 
Not to make much of the meteoriij mattm* j)erpetnally 
being added to the mass of the Earth, and probalily to tlie 
masses of otlier planets, as well as, in larger quaii titles, to ; 
the mass of tlie Sun, it will suffii^c to name two generally 



FIBST FBINCIPLm 


m 


admitted instances. The one is the appreciable retardation 
of comets by the ethereal medium, and the inferred retard- 
ation of planets— a process which, in time, must bring 
comets, and eventually planets, into the Sun. The other 
is the Sun’s still-continued loss of motion in the shape of 
radiated heat, accompanying the still-continued integra- 
tion of his mass. 

§ 109. To geologic evolution we pass without break from 
the evolution which, for convenience, we separate as as- 
tronomic. Tlio history of the Earth, as traced out from 
tlie structure of its crust, carries us back to that molten 
state which the nebular hypotliesis implies; and, as before 
pointed out (§ GO), the changes classed as igneous are the 
accornpaniments of the progressing consolidation of the 
Earth’s substance and accompanying loss of its contained 
motion. Botli the general and the local elfects may be 
briefly exemplified. 

Leaving beliind the period when tlio more volatile ele- 
ments now existing as solids were kept by the high tem- 
perature in a gaseous form, we may begin with the fact 
that until the Earth’s surface had cooled down below 212®, 
the vast mass of water at present covering three-fifths of 
it must have existed as vapor. Tliis enormous volume of 
disintcigratcKl liquid became integrated as' fast as the dissi- 
pation of the Earth’s contained motion allowed; leaving, 
at length, a comparatively small portion unintegrated, 
wliich w’‘C)uld be far smaller but for the unceasing absorp- 
tion of molecular motion from the Kun. In the formation 
of the Earth’s crust "we have a similar change similarly 
caused. The passage from a thin solid Him," everywhere 
fissured and movjiblo on the subjacent molten matter, to a 
crust so tliick and strong as to be but now and then very 
sliglitly dislocated l)y disturbing forces, illustrates the 
process. And while, in this superficial solidilioation, w^e 
see under one form liow concentration aecompimies loss of 
contained motion, w'e see it under another form in that 
diminution of the Earth’s bulk implied by superficial 
corrugation. 

Ivocal or seciondary integrations have advanced along 
with this general integration. A molten spheroid merely 
skinned over with solid matter could have presented noth- 
ing beyond small patches of land and water* Ditforences 
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of elevation great enough to form islands of considerable 
si 2 ;e imply a crust of some rigidity ; and only as the crust 
grew thick could the land be united into coiitinoiits 
divided by oceans. So, too, with tlio inoro striking eleva- 
tions. The collapse of a tliin crust round its (:‘.ooling and 
contracting contents would throw it into low ridges; it 
must have acquired a relatively great depth and strength 
before extensive mountain systems of vast elevation be- 
came possible. In sedimentary changes, also, a like prog- 
ress is inferable. Denudation acting on the small sur- 
faces exposed during early stages would produce but 
small local deposits. The coliection of (letritus into 
strata of great extent, and the union of such strala into 
extensive “systems,” imply wide surfacuus of land and 
water, as well as subsidences great in botli ai’ca and de])tli; 
whenco it follows tlmt integrations of this oriler must Iiavo 
grown more pronounced as the Earth. \s (‘.rust thieJeened. 

§ 110. Already wo have recognizcid tlu^ fact tluit or- 
ganic evolution is primarily the formation of an aggregate 
by the contiiun^d irujorporation of matter prcn'iously sina^atl 
through a wider space. Merely reminding tlie reader 
that every plant grows by concentrating in itself (deunernts 
tliat were before diffuscjd as gases, and tluit every airinuil 
grows by roconcentrating these eleirumts previously dis- 
persed in snrron nt ling plajits and animals, it willbci hero 
proper to conipliite tlio coiKJcption by pointing out tluit 
the, early history of a plant or animal, still morii ckuirly 
than its later history, shows us this fundanKmia! procesH, 
‘For the microscopic gmun of eacli organism ujulorgoi‘s, for 
a long time, no other (ihang(3 tlian that iruplied l)y aljBorp- 
tion of nutriment. (Jells irnbc.ahhHl in the Htroiiui of an 
ovarium become ova by little else than contimuHl growtli 
at the expense of adjacent materials. And whmH aftm’ 
fertilisation, a more active evolution commences, its nioBt 
conspicuous trait is tlie drawing-in, to a germinal (amtrcj 
of the substance which tlie ovum contains. 

Here, however, our attention must lie clireotfal mainly 
to the secondary integrations wliwh habitually accoiiijiany 
the^ primary' integration. ' We have to oliserve how, along 
with the ^formation of a larger mass' of matter, there goes 
on a drawing togetfier and ccmsolit'lation of tlie matter into 
parts,; as well mm increasingly intiiimte ocmibination of 
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parts. In the mammalian embryo, the heart, at first a 
long, pulsating blood-vessel, by and by twists upon itself 
and integrates. The bile-cells constituting the rudiment- 
ary liver do not simply become dilferent from the wall of 
the intestine in which they at first lie; but, as they ac- 
cumulate, they simultaneously diverge from it and con- 
solidate into an organ. Tlie anterior segments of the 
cerebro-spinal axis, which arc at first continuous with the 
rest, and distinguished only by their larger size, undergo 
a gradual union; and at the same time the resulting head 
folds into a mass' clearly marked oil from the rest of the 
vertebral column. The like process, variously exemplified 
in other organs, is meanwhile exhibited by the body as a 
whole; which becomes integrated somewluit in the same 
way tliat an outspread handkerchief and its contents be- 
come integrated when its edges arc drawn in and fastened 
to make a bundle. Analogous changes go on long after 
birth, and continue even up to old age. In man, tliat 
solidification of the bony framework which, during child- 
hood, is seen in the coalescence of portions of the same 
bone ossified from different centres, is afterward seen in 
the coalescence of bones that were originally distincit. Tlie 
appemdages of the vertebne unite with the vertebral cen- 
tres to whicli they belong — a change not c()mi)lote(l until 
toward tliirty. At the same tiino the opipliyses, formed 
separately from tlie main bodies of their respective bones, 
have their cartilaginous connections turned into osseous 
ones— are fused to the masses beneath them. The com- 
ponent vertebrm of tlie sacrum, whicli remain separate 
till about the sixteenth year, then begin to unite; and 
in ten or a dozen years more their union is complete. Still 
later occurs the coalescence of the coccygeal vertebrae; and 
there are some other bony unions which remain unfinished 
unless advanced age is reached. To which add that the 
increase of density and toughness, going on throughout 
the tissues in general during life, is the formation of a 
more liighly integrated substance. 

The species of cliange tlius illustrated under several as- 
pects in tlic unfolding” human body may be traced in all 
animals, ^riiat mode of it which consists in the union of 
similar parts originally separate has been described by 
Milne- Edwards and others, as exhibited in various of the 
Inverteiraia; though it does not seem to have been in- 
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eluded by them as an essential peemliarity in tlio process 
of organic derelopment. We shall, liowever, see clearly 
that local integration is an all-important part of tliis proc- 
ess, when we ■lind it displayed not only in the successive 
stages passed throngli by every cinl:>ryo, Init also in as- 
cending from tlic lower creatures to the higlier. As rruni- 
ifested" in either way, it goes on hotli longitudina^lly and 
transversely — under wliieh diifercntforrns wo may, indeed, 
most conveniently consider it* Of intvffra- 

iion the sub-kingdom Anmilosa supplies abundant exam- 
ples. Its lower members, sucli as worms and iiiyria|)ods, 
are mostly characterized by the great nnml)er of segments 
composing them, reaclung in some eases to severaJ hun- 
dreds. But in the liighcr divislirns—erustaci'ans, insects, 
and spiders — wo find this number rcihiKual down to twenty- 
two, thirteen, or even fewer; while atM'oinpaijying the re- 
duction tliere is a sliortening or integration of the wliole 
body, reaclung its extronio in the crab and tlie sj)idm** 
Tito signiticanco of tliosc contrasts, as bearing on the gen- 
eral doctrine of Evolution, will be seem when it is pointinl 
out tlnit they arc parallel to those wliitdi ai‘ise <luriug tlie 
development of individual annuloso aninuils. In llu^ 
lobster the head and tliorax form one corn [met box, made 
by the union of a number of segments which in tlie em- 
bryo were separable. Similarly, tlie butterfly sliows us seg- 
ments so rnucli more closely united tlian they were in the 
caterpillar as to bo, some of them, no hiiigivr distinguish- 
able from one anotlier. Tiie Vvrfcbrftla again, tlu’ough- 
out tlieir sncc^cssivcdy Iiiglusr classes, furnlsli liki^ inHtan<*(*B 
of longitudinal nnioin In most iislies, and in n^ptiles 
that have no limbs, none of the vtn'ifdira* coahmem In 
most mammals and in birds, a varialde numlicsr of ver- 
tobray bee fused together to form tlie sacrum ; and in the 
liiglier apes and in man, the caxidal Tcrtelira* also lose tlieir 
separate individualities in a single cx carry// /,sv I'hat wliicdi 
we imiy distinguish as Iramverm integration is well illus- 
trated among the Anmilosa in tlie development of tlie ner- 
vous system. Leaving out those most dr^gnuJed forms 
wliieh do not present <!istinet ganglia, it is to be oliservcil 
that the lower annulose animals, in mmnum witli tlio 
larvie of the liighor, are severally (diaraeierized l)ym dmible 
chain of ganglia running from end to end of the ■ laxly; 
while, m the more perfectly formed aimulosc animals^', tllk. 
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double chain becomes united into a single chain. Mr. 
Newport has described the course of tliis concentration as 
exhibited in insects; and by Eathke it has been traced in 
crustaceans. During tlie early stages of the Astamsjlmria- 
or common eray-fisli, there is a pair of separate ganglia 
to each ring. Of the fourteen pairs belonging to the head 
and thorax, the three pairs in advance of the mouth con- 
solidate into one mass to form the brain, or cephalic gan- 
glion. Meanwhile, out of the remainder, tlio first six 
pairs severally unite in the median line, while the rest re- 
main more or less separate. Of these six double gan- 
glia tlius formed, the anterior four coalesce into one mass; 
the remaining two coalesce into another mass; and then 
these two masses coalesce into one. Here wo see longitu- 
dinal and transverse integration going on simultaneously ; 
and in the highest crustaceans they are botli carried still 
farther. The Vertebrata clearly exhibit transverse inte- 
gration in the development of the generative system. The 
lowest mammals — the Momtremeda — in eornrnon with birds, 
to which tliey are in many respects allied, liavo oviducts 
wliieli toward their lower extremities arc dilalod into cavi- 
ties, severally performing in an impoj’fcct wiiy the func- 
tion of a uterus. “In the i]Iarsupialia tliero is a closer 
approximation of the two lateral sets of organs on the me- 
dian line; for the oviducts converge toward one another 
and meet (without coalescing) on the median line; so that 
their uterine dilatations are in contact with each other, 
forming a true TIoublo uterus’. ... As wc ascend the 
series of 'placentar mammals, wo find tlio lateral coales- 
cence becoming more and more complete. . . . In many 
of the Rodeufda the uterus still remains completely divided 
into two lateral halves; while in others tliese coalesce at their 
lower portions, forming a rudiment of the true ‘body’ of 
tlu3 uterus in the Iniman subject. Tins part iii creases at 
tlie expense of the lateral ‘cornua’ in tlie higher lierbivora 
and caniivora; but even in the lower (|iiudrumana the 
uterus is somewhat cleft at its summit/'’^ 

Under the head of organic integrations, tliorc remain to 
ho noted some which do not occur within the limits of one 
organism, and wliich only in an indirect way involve con- 
centrationof matter and dissipation of motion. These are 
the integrations by which organisms are made dependent 
Carpenter’^ Friu.^f Comp. Fljys., p, 617. 
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on one another. We may set down two kinds of tlicm— 
those which occur within the same species, aiHl tliose 
which occur among diircrent species. More or less of the 
gregarious tendency is general in animals; and wlicn it is 
marked there is, in addition to siin])]e figgrc'gaiion, a cer- 
tain degree of combination. Creatures tliat hunt in pucks, 
or that have sentinels, or that are govtumed by leaders, 
form bodies partially iniitcHl by co-operation. Among po- 
lygamous mammals and birds tins mutual depetideiKie is 
closer; and the social insects show ns assemblages of iii- 
dividiials of a still more consolidated cluiracter — some of 
tlicm luiving carried the consolidation so far that the in- 
dividnals cannot exist if separated. How organisms in 
general are mutually dependent, and in that sense inte- 
grated, we sliail see on remembering— first, that while all 
animals live directly or indirectly on [ilants, jilard^s live on 
the carbonic; ae-id excreted by animals; secoml, that among 
animals the flesh-eaters cannot (exist without tiui plant- 
eaters; third, that a large proportion of plants can con- 
tinue their respective races only by ilie help of insects, 
and tluit in many cases particular plants uccmI partimilar 
insects., Without detailing tlio more (;omplex c<)iniections 
whicdi Mr. Darwin has so beautifully illustrat(;d, it will 
siiflico to say that the Flora and Fauna in eacli habitat 
constitute an aggregate so far integrated tluit many of its 
species die out if }>lac6d amid the plants and aninuds of 
another habitat. And it is to be reiiuirktKl that tliis inte- 
gration, too, iucreiises as organic evolution progresses. 

§ni. The phenomena sid, down, in tim for(\going para- 
grapli are introductory to others of a lugluu* order, witli 
which they ought, perluips, in Btrictuess to bt; grtmi;ed — 
phenomena whieli, for want of a l)etter word, we may 
term super-organic. Inorganic l:HKru‘s 'pr(;s(mt us with 
certain facts. Oertain otluu* fa(d;s, inosUy of a more in- 
volved kind, are presemted l)y organic; bodii‘H. 'rhen; re- 
main yet further facts, not };rt*stmted liy any organic; lK>dy 
tak(m singly; but which r(:;sult from iiie atitions of aggre- 
gated organic bodi(;s, on one anoilnu' and on iiiorganie 
bodi(3S. Idiough plmnomeua of this oi*d,er an;, as we' see, 
foreBliadowed among inferior organisms, iJiey laicome' so 
extremely conspicuous .in mankind m socdally imited, that 
practically we may consider them to commence here. 
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In the social organism integrative changes are clearly 
and abundantly exemplified. Uncivilized societies dis- 
play them when wandering families, such as we see among 
Bushmen, join into tribes of considerable numbers. A fur- 
ther progress of like nature is everywhere manifested in 
the subjugation of weaker tribes by stronger ones, and in 
the subordination of their respective chiefs to the con- 
quering chief. The combinations thus resulting, which, 
among aboriginal races, are being continually formed and 
continually broken up, become, among superior races, rel- 
atively permanent. If we ti'uce the stages through which 
our own ^society or any adjacent one has passed, we see 
this unification from time to time repeated on a larger 
scale and gaining in stability. The aggregation of jun- 
iors and the children of juniors under elders and the chil- 
dren of elders; the consequent establishment of groups of 
vassals bound to their rcsjieetive nobles; the subsequent 
subordination of groups of inferior nobles to dukes or 
earls, and the still later growtli of the kingly power over 
dukes and earls, are so many instances of increasing con- 
solidation. Tins process through wdiich petty tenures are 
aggregated in feuds, feuds into ijrovinces, provinces into 
kingdoms, and finally contiguous kingdoms into a single 
one, slowly completes itself by destroying the original lines 
of demarcation. And it may be further remarked, of the 
European nations as a whole, tliat in the tendency to form 
alliances more or less lasting, in the restraining i’nfiuences 
exercised by the several governments over one another, in 
the system, now becoming customary, of settling interna- 
tional disputes by congresses, as well as in the’ breaking 
down of commercial barriers and the increasing facilities 
of communication, we may trace the beginnings of a 
European federation — a still larger integration than any 
now established. 

But it is not only in these external unions of groups 
with groups, and of the compound groups with one another, 
that the general law is exemplified. It is exemplified also 
in unions that take place internally as tlie groups become 
more highly organized. There are two orders of these, 
which .may be broadly distinguisbed as regulative and op- 
erative. A civilized society is made unlike a barbarous 
one by the establishment of regulative classes— govern- 
mental, administrative, military, ecclesiastical, legal, etc., 
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which, while they have their several special boiKls of 
union, constituting them sub-classes, are also lioid to- 
getlier as a general class by a certain community of privi- 
leges, of blood, of education, of intercourse. In some so- 
cieties, fully developed after their particular types, tliis 
consolidation into castes, and this union among the upper 
castes by separation from the lower, eventually grow very 
decided — to be afterward rendered less decided only in 
cases of social metamorphosis caustid by tlic industrial 
regime. The integrations that accom])any the o|)eral ive 
or industrial organ i nation, later in origin, are not merely 
of this indirect kind, but they arc tilso direct — they show 
us physical approach. We have integrations consiajmmt 
on tliG simple growth of adjacent ])arts pcvrfornung like 
functions; as, for instance, the junction of ^lamthestl'r 
with, its calico-weavi ng suburbs. We have othcir integra- 
tions that arise when, out of several places })r()diie;ing a 
particular commodity, one monoiadizing more and more 
of the business draws to it Tnastiu's a, ml work<‘rs, a, ml 
leaves the other places to dwindle; as witness the growili 
of the Yorkshire cloth-districts at tlic expense of lhosi‘ in 
the West of England; or the absorption by Htanbrclslnre of 
the pottery manufacture, and the eonscaiiient decay of the 
establishments that once flourished at l)orl)y and else- 
where. We have those more special integrations that arise 
within the same city; wlience revsult tlio” (•.oneeiitratiori of 
publishers in Paternoster Kow, of (;oni-merehants al>out 
Mark Lane, of civil eiiginecrs in (irea,t (jtcoigij Street, of 
bankers in the centre of the (‘ity. Lulnstriui combina- 
tions that consist, not in the approxirrniiJ<m or fusion of 
parts, but in tlve establishment of eonmif)!! eentres of con- 
nection, are exhibited in tlie Paink clearing-liousc* and the 
Railway clearing-house. While of yet anotlnw spetties are 
those iinions which bring into nilation the more or less 
dispersed citizens wlio are oeciijrical in like ways; as 
traders are brought by the Excjluinge, a.ml as nm |u‘ofr*s- 
siomd men by institutes like those of (Jivil Engineers, Ar- 
cliitects, etc. 

At first sight tliese seem to be the last of our i,nstama::‘s. 
Having followed up tlie general law ,to soidal aggrcgaf-i^H, 
there apparently remain no other aggregates, to' whii^li it 
can apply. Tlris, liowever, is not true. Among what we^ 
have above distinguished as super-organic phenomena, wo" 
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shall find sundry groups of very remarkable and interesting 
illustrations. Though evolution of the various products 
of human activities cannot be said directly to exemplify 
the integration of matter and dissipation of motion, yet 
they exemplify it indirectly. For the progress of Lan- 
guage, of Science, and of the Arts, industrial and aesthetic, 
is an objective register of subjective changes. Alterations 
of structure in human beings, and concomitant alterations 
of structure in aggregates of human beings, jointly pro- 
duce corresponding alterations of structure in all those 
things which humanity creates. As in the changed im- 
press on the wax we read a change in the seal, so in the 
integrations of advancing Language, Science, and Art we 
see reflected certain integrations of advancing human 
structure, individual and social. A section must be de- 
voted to each group. 

§ 112. Among uncivilized races, the m any-syllabled 
names used for not uncommon objects, as well as the de- 
scriptive character of proper names, show us that the words 
used for the less familiar things are formed by compound- 
ing tlio words used for the more familiar things. This 
process of composition is sometimes found in its incipient 
stage — a stage in whi(‘-li the component words are tempo- 
rarily united to signify some un-nainod object, and, from 
lack of frequent use, do not permanently cohere. But in 
the majority of inferior languages, the process of “ ag- 
glutination,'* as it is called, has gone far enough to pro- 
duce considerable stability in the compound words — there 
is a manifest integration. How small is the degree of this 
integration, liowever, when compared with that readied 
in well-developed languages, is sliown both by the great 
length of the compound words used for things mid acts of 
constant occurrence and by the separablencss of their ele- 
ments. Certain North American tongues illustrate tins 
very well. In a Ricarce vocabulary extending to fifty 
names of common objects, whieli in English are nearly all 
expressed by single syllables, tliere is not one monosyllabic 
word; and in the nearly-allicKl vocabulary of the Pawnees, 
the names for these same common objects are monosyllabic 
in but two instances. Things so familiar to these Imiiting 
tribes as dog and bow are, in the l^awnee language, 
JiaMsh uid teeragish; tlmhand mdtiie eges are respectively 
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iTcslieBTm and Imreehoo; for day tlie term k sha'koorooee- 
Aairet^ M\A.iox devil it is wliile the 

numerals are composed of from two syllal)les up to five, 
and in Ricaree up to seven. That tlie groat length of these 
familiar words implies a low degree of development, and 
that in the formation of higher la^ngnages out of lower 
there is a progressive integration, vvliieli re(liu*es tlie poly- 
syllables to dissyllables and monosyllables, is an inference 
confirmed by the history of our own language. Anglo- 
Saxon deoTTct has been in course of time consolidate.d into 
English sUi‘}% mmia into moon^ and nanm into name. Tlie 
transiiSon through the intermediate serni-Siixon is chairly 
traceable. S'unm became in semi-Saxon mne and in l^lng- 
lish son — the final e of sune being an evanescent form of t!ie 
original n, Tlie change from tlie Anglo-Saxon plural, 
formed by the distinct syllable as., to onr plural formed 
by the appended eo n sonar d; x, sliows ns the same thing: 

in becoming sniiUts^ and endaK in becoming ends 
illustrate progressive coalescence. So, too, does the disapi- 
pearance of the terminal an in tire infinitJvi^ mood of veriis; 
shown in the transition from the Anglo-Saxon emmai to 
the semi-Saxon cimmie., and to the English reme. Mon*- 
over, tlie process has been slowly going on, even sinei^ what 
we distinguish as English was fornual. In ElizalHdh’s 
tirno verbs were still very frequently plural izcul by the ad- 
dition of en — wo tell was we ieUen; and in some rnral dis- 
tricts tins form of speech ma.y even now be h<*ar<h In like 
manner the terminal ed of tlie past tense lias united witli 
the word it modihes. Jhirn-ed Inm in proiuinciaiion be- 
come and oven in writing the tmmiinal / has in 

some cases taken the place of tlie ed. Only where antifjuo 
forms in general arc adhered to, as in the\diur(*h-s('rvif‘e, 
is the distinctness of tins inllection still maini:iin(‘d. 
Purther, we see that the compound vowels'lmve Ihhui, in 
many cases, fused into single vowela Tlmt in hretni tlie 
e and a were originally both sounded is iiroved liy the 
fact tliat they are still so sounded in {larts where olil huli- 
its linger- We, however, have contraehal the |rroniin- 
ciation into bred; and we have ma.de like e!uingt*s in many 
other conirnon words. Lastly, let it he iiotiHi lhal- wliere 
tlic frequency of repetition is greatest, the priaaxsH is car- 
ried farthest 5 as instance' the. contraction of lord (originally 
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Iqford) into hid in the mouths of Barristers ; and, still bet- 
ter, the coalescence of God he with you into Good-by. 

Besides oxlubitiii«g in this way the integrative j^rocess, 
Language equally exhibits it throughout all grammatical 
development. The lowest kinds of human speech, having 
merely nouns and verbs without inlicctions to tliein, man- 
ifestly permit no such close union of the elements of a 
jn’oposition as results when the relations are marked either 
by inflections or by connective words. Such S2>eech is 
necessarily what we significantly call ‘‘ incoherent.” To a 
considerable extent incoherence is seen in the Chinese 
language. If, instead of saying 1 go to London^ jigs 
eorne from Turkey^ the sun shines through the air, we said, 
1 go end London, jigs come origin Turkey, the sun shine 
passage air, we should discourse after tlie manner of the 
Chinese. jBh'om this ‘^aptotic” form, there is clear evi- 
dence of a transition, by coalescence, to a form in which 
the connections of words are exjmessed by the addition to 
them of certain inflectional words. “ In Languages like 
tlio Chinese,” remarks Dr, Latham, “the separate words 
most in use to ex|)ress relation may become adjuncts or an 
nexes.” To tliis he adds the fact tliat “ the niimeroiis in- 
flectional languages fall into two classes. In one, the in- 
ilecduons have no a])()eara,nce of having been separate words; 
in tlie other, their origin* as separate words is demon- 
strable.” From which the inference drawn is, that the 
“aptotic” languages, by the more and more constant use 
of adjuncts, gave rise to the “ agglutinate” languages, or 
those in which the original separateness of tlie inflectional 
parts can be traced; and that out of tliese, by farther use, 
arose the “amalgamate” languages, or those in which 
tlie original separateness of the inflexional parts can no 
longer be traced. Strongly corroborative of tins inference 
is tlie unquestionable fact tluit by such a process tliere 
liavo grown out of the amalgamate languages tlie “ anap- 
totic” languages, of which our own is the most perfect ex- 
am plo—laiiguages in which, by further consolidation, in- 
flections have almost disappeared, while to express the 
verbal relations certain now kinds of words have been de- 
veloped. When wo see the Anglo-Saxon infleetions grad- 
ually lost by contraction during the development of Eng- 
lisli, and, though to a less degree, the Latin inflections 
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dwindling away during the development of French, we 
cannot deny that grammatical structure is modified hy 
integration; and, seeing how clearly the earlier stages of 
grammatical structure arc explained l)y it, we caai scarcely 
doubt that it has been going on from tlie fiivst. 

In proportion to the degree of this integration is _the 
extent to which integration of anotlier order is earrieil. 
Aptotic languages aix?, as already pointed out, necessarily 
incoherent : the elements of a proposition cannot be com- 
pletely tied into a whole. But as fast as coalescenee jiro- 
duces‘ inflected words, it becomes possible to unite them 
into sentences of wliich the parts are so mutually depend- 
ent that no considerable change can be made without de- 
stroying the meaning. Yet a further stagi; in this proc- 
ess may be noted. After the develoj)ment of those gra,m- 
matioal forms which make definite statements possible, wo 
do not at first find them used to expre.ss anything beyond 
statements of a simple kind. A single subject with a 
single predicate, accompanied by but finv (jualifying terms, 
are usually all. If we. eom])are, for instance, tlm, Hebrew 
Scriptures with writings of modern times, -a marked ditler- 
ence of aggregation among the groups of words is visible, 
in the number of subordinate propositions which accom- 
pany the principal one; in the various complements to 
subjects and prcdicate.s, and in the numerous (pialifying 
clauses— all of them united into one complex whole — many 
sentences in modern compositions exhibit a degree of in- 
tegration not to be found in ancient ones. 

§ 113. The history of Science presents fact;.s of the same 
meaning at every step. Indeed, the integration fd gronjw 
of like entities and like relations may be; said (.0 eomsti- 
tute the most conspicuous ])art of sfdentille progress. A 
glance at the classiiieatory sedenees siiows ns that tlie con- 
fused, incoherent aggregations wliieli the vulgar make of 
natural objects arc gradually rendered complete and etmi- 
paot, and bound u]> into groups within groups. Whihg 
instead of considering all muriius ereutures as fish, sliell- 
fisb, and jelly-flsb. Zoology e.stablisbes divisions ami sub- 
divisions under the heads FerA'//m/«, AitHulom, Mvlhimm, 
etc. ; and wliile, in place of the wide and vague assemblage 
popularly described Jis “creeping things,” it makes the 
spceilic classes Annelidu, MyrinpodH^ Jmecla, Arachnidn, 
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it simultanGously gives to these an increasing consolida- 
tion. The several ordens and genera of -which each con- 
sists are arranged according to their affinities and tied 
together nnder common definitions; at the same time that, 
by extended observation and rigorous criticism, the pre- 
viously xinknown and undetermined forms are integrated 
with their respective congeners. Nor is the process less 
clearly manifested in those sciences which have for their 
subject-matter, not classified objects but classified rela- 
tions. Under one of its chief aspects, scientific advance is 
the advance of generalization ; and generalizing is uniting 
into groups all like co-existences and sequences among 
phenomena. The colligation of many concrete relations 
into a generalization of the lowest order exemplifies tliis 
principle in its simplest form ; and it is again exemplified 
in a more complex form by the colligation of these lowest 
generalizations into higher ones, and these' into still higher 
ones. Year by year are established certain connections 
among orders of phenomena that a2')pear unallied; and 
these connections, multiplying and strengthening, grad- 
luilly bring the seemingly unailied orders nnder a common 
bond. When, for example, Humboldt quotes the saying of 
the Swiss, “ it is going to rain because we hear the mur- 
mur of the torrent nearer; ” when he remarks the relation 
between tliis and an observation of his own, that the cat- 
aracts of the Orinoco are heard at a greater distance by 
night than by day; when he notes the essential parallelism 
existing between those facts and the fact tliat the unusual 
visibility of remote objects is also an indication of coming 
rain, and when he points out that the common cause of 
these variations is the smaller hindrance offered to the 
passage of both light mid sound by media wliich are com- 
paratively homogeneous, either in temperature or hygro- 
motric state, he helps in bringing under one generalization 
tile phenomena of light and those of sound. Experiments 
liaving shown that these conform to like laws of reflection 
and refraction, tlie conclusion that they are both produced 
by undulations gains probability: there is an incipient 
integration of two great orders of iihenomena, between 
which no connection was suspected in times past. A still 
more decided integration has been of late taking place be- 
tween .the ■ once independent sub-scienoeB of .Electricity, 
Magnetisiu,^and, light. ■ 
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The process will maiufestly be carried much farther. 
Such propositions as those set forth in preceding c^hapters 
on “The Persistence of Force/' “'The Transformation ami 
Equivalence of Forces,” “The Direction of Motion,” arid 
‘'‘The Rhythm of Motion,” unite within single liomls phe- 
nomena belonging to all orders of existences. And if tiiere 
is such a thing as that which we liore understand by {ilu- 
losophy, there inust eventually be reached a universal in- 
tegration. 


§114. Nor do the industrial ami aesthetic Arts jhil to 
supply us with equally conclusive cvidouco. ^Cho progress 
from rude, small, and simple tools to perfect, com|)ktx, and 
large machines is a progress in integration. Ainong what 
are classed as the mechanical powers tlio advance from tlie 
lever to the wbeel-and-axlo is an arlvancr^ from a Kim|de 
agent to an agent made up of scn'eral simple ones. On 
comparing the wheel-aml-axlo or any of tlie inaclunes UBcd 
in early times with tliosc used now, we Hiv, that in each of 
our machines several of tlie ]>rimitiv(i nia(?him‘s are unibnl 
into one. A modern apjiaratus for spinning or w(‘aving, 
for making stockings or lace, contains not simply a lover, 
an inclined plane, a screw, a whecd-aml-axle, joined together, 
but several of eacli integrated into one whole. Again, in 
early ages, when horse-power and man-power were alone 
employed, the motive agent was not bound up witli the 
tool moved; but tlie two have now become in many cases 
fused together. I'iie firc-hox and boiler of a locannotive 
are combined witli the maeliinory wlnkth tlu^ sioain works. 
A still more extensive integration is exhibiteil in every 
factory. Hero we find a large numhm* of (iom|dieaied 
machines, all connected liy driving shafts witli tins sume 
iteam-engine— all united with it into one vast aiiparatiiH. 

, : Contrast the mural deeorations of tins Egyptians and 
Assyrians with modem historifsal paintings, a'nd tluire'he-, 
.comes maliifest a great advance in' unity of eomiH.isition™ 
in the suhordination of the jiarts t.o the whole. Onc^ of 
these, ancient frescoes is, in trutli, made up' of a nnniber 
of pictures that liave little mutual dep(m<.leiH.‘.'e. The m^Y- 
oral figures of wlncli each group consiHts sliow very ,im- 
|)erfectly by their attitudes, and not at all by tliair expres- 
.sions, the dilations in which they stand, to each other: the 
respective groups might be separatetl witli, but little lorn 
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of meaning; and the centre of cliiof interest, which should 
link all parts together, is often inconspicuous. The 
same trait may bo noted in the tapestries of mediaeval days. 
Kepresenting, perhaps, a hunting-scene, one of these con- 
tains men, liorses, dogs, beasts, birds, trees, and flowers, 
miscellaneously dispersed: the living objects being vari- 
ously occupied, and mostly with no apparent consciousness 
of each others’ proximity. But in the paintings since 
produced, faulty as many of tliein are in this respect, there 
is always a more or less distinct co-ordination of parts—an 
arrangement of attitudes, expressions, lights, and colors, 
such as to combine the picture into an organic wliole; and 
the success with which unity of oli'cct is educed from 
variety of components is a chief test of merit. 

In music, progressive integration is displayed in still 
more numerous ways. The simple cadence erabracing but 
a few notes, whicli in the chants of savages is monotonously 
repeated, becomes among civilized races a long series of 
different musical phrases combined into one whole; and 
so complete is the integration that the melody cannot be 
broken off in the middle, nor sliorn of its final note, with- 
out giving us a painful sense of iiicompleteneBS. When 
to the air a bass, a tenor, and an alto arc added, and 
when to the harmony of different voice-parts there is added 
an, accompaniment, we see exemplified integrations of an- 
other order, whicli grow gradually more elaborate. And 
the process is carried a stage higher when these complex 
solos, concerted pieces, choruses, and orchestral effects are 
combined into the vast ensemble of a musical drama — -of 
which, bo it remembered, the artistic perfection largely 
consists in the subordination of the particular effects to 
the total effect. 

Once more the Arts of literary delineation, narrative and 
dramatic, furnish uswitli parallel iliuBtrations. The tales 
of primitive times, like tliose with which the Btory-tcllcrs 
of tlie East still daily amuse their listeners, arc made up 
of siiocessive occurrences that are not only iri themselvoB 
unimtural, but liave no natural connection ; they are but 
so many separate adventurcB put togotlKvr wi tliou t iiecessary 
sequence. But in a gootl modern work of imagination 
the events arc tlui ])ro{)cr products of the characters work- 
ing under given conditions, and cannot at will be changed 
in their order or kind without injuring or destroying the 



376 ' ■ : . FIRST miNCIPLEB, 

general effect. Further, the eluxnicterf; tliemselvcB, wliicli 
in early fictions play their respective parts withorit sliow- 
ing liovv their minds are modiiied by one another or by the 
events, are noAV presented to ns as lield togetlier by eorn|)h5X 
moral relations, and as acting and reacting npori one an- 
other’s natures. 

§ 115. Evolution then, under its primary aspect, is a 
cliange from a less coherent form to a more ccilnxrimt form, 
consequent on the dissipation of motion and inti^gniiion 
of matter. This is the univcu’sal (process tlirimgli wliich 
sensible existences individually and as a wimbi [uiss tluring 
the ascending halves of tlieir historicvS. I’liiis proves to 
be a character displayed equally in those earliest (’ha nges 
whieli tlie Universe at'large is supposed to have und(n'gone, 
and in those latest clianges whicli we trace in society and 
the products of social life. And throngliont the unillca- 
tion [iroceeds in several ways sirnnltaneoUvsly, 

Alike during tlie evolution of tlio Solar Bystern, of a 
planet, of an organism, of a nation, there is [rrogressive 
aggregation of tiro entire mass. Tliis may be si j own Iry 
the increasing density of tire matter already coutaimsl in 
it; or by the drawing into it of matter tliat was laiforo 
separate; or by both. But in any cast^ it implir^s a loss 
of relative motion. At the same time, the parts into wliieh 
the mass has divided severally eonsolitlate in like man- 
ner. We sec this in that formation of pltnuds and satellites 
wliich lias gone on along with tin; com'cmtrafJon of the 
nebula out of which tin; Bolar System originated; we sec; it 
in the growtli of separate oi*gairs that advances, /;c/ri 
with the growth of eacli organism ; we see it in that rise 
of special industrial centres and special mas,scs of popula- 
tion ..which is , associated with tiro rise of i*acli society. 
A1 Wily s more or less of local integration aceomjmnics the 
general integration. And tlien, beyond tin; incrmised 
closeness of juxtaposition among the (•(mipontmt.s of iho 
wliolc; and among the comjionents of (‘ur’h part, iltere is 
increased closeness of combination among l.be parts, |)ro- 
diKiing mutual dependence of thmn. Dimly fin'csliinlinvecl 
as this mutual dependence is i,n inorganic- cxistc.fmrcH, Imtli 
colestial and terrestrial, it becomes diHti,nc;i in organic and 
.super-organic existences.. .From the lowest living forms 
.upward, "the degree of development ' is ma'rkc(.,l by the. de- 
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gree in which the several parts constitute a co-operative 
assemblage. The advance from those creatures whicli live 
on in each part when cut to pieces, up to those creatures 
which cannot lose any considerable part without death, nor 
any inconsiderable part without great constitutional dis- 
turbance, is an advance to creatures which, while more 
integrated in respect to their solidification, are also more 
integrated as consisting of organs that live for and by each 
otlier. Tlic like contrast between undeveloped and de- 
veloped societies need not be shown in detail; the ever- 
increasing co-ordination of parts is conspicuous to all. 
And it most sunicc just to indicate that the same thing 
holds true of social products: as, for instance, of Science, 
which has become highly integrated not only in the sense 
that eacli division is made up of mutually dependent prop- 
ositions, but in the sense that the several divisions are 
mutually dependent — cannot carry on their respective in^ 
vestigations without aid from one another. 


CHAPTER XV. 

THE LAW OF EVOLUTION CONTINUED. 

§ IIG. Changes great in their amounts and various in 
their kinds, which accompany those dealt with in the last 
chapter, have thus far been wholly ignored — or, if tacitly 
recognized, have not been avowedly recognized. Integra- 
tion of each whole has been described as taking pkee 
simultaneously with integration of each of the parts into 
which the whole divides itself. But how comes each wliole 
to divide itself into parts? This is a transformation more 
remarkable tlian the passage of the whole from an inco- 
herent to a coherent state; and a formula wliich says 
notiiing about it omits more than half the phenomena to 
I Hi for mu lilted. 

Tills larger half of the phenomena we have now to 
t! (^at. In tins chapter we are concerned witli those second- 
ary redistriliiitions of matter and motion that go on along 
wftli the pi‘inniry redistribution. We saw that while, in 
very incolierent iiggregates, secondary re-distributions pro- 
duce but evanescent results, in aggregates that reach and 
maintain a certiiin medium state, neither very incoherent 
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HOT very.'coliereiit, results of a x’datiyely persistent ■cliar- 
acter are produced — structural mocliOcations. And onr 
next inquiry must be, What is the universal expression 
for these structural modifications? 

Already an implied answer has been given by the title — 
Compound Evolution. Already in distinguishing, as simple 
Evolution, that integration of matter and dissipation of 
motion which is unaccompanied by secondary red istrilni- 
tions, it has been tacitly asserted that whore secondary 
redistributions occur complexity arises. Obviously if, 
while there has gone on a transformation of tlie incoherent 
into the coherent, there have gone on other iransfor- 
mations, the mass, instead of remaining uniform, must have 
become multiform. The proposition is an identical oiuj. 
To say that tlie primary re-distribution is ac(:‘()m[)aiu('d by 
secondary redistributions is to say tiuit along with the 
change from a dillused to a concentrated state there goes 
on a change from a homogeneous state . to a 
state. Tlio components of the mass while they become 
integrated also become dilTcrentiated.-^ 

This, tlien, is the second aspect under winch we havt^ to 
study Evolution. As in the last chapter we contemplated 
existences of all orders as displaying progressive integra- 
tion, so in this cliapter we luive to contemplate them as 
displaying pi'ogressivc differentiation. 

§ 117. A growing variety of strnctnre throughout our 
Sidereal System is iinplied by the contnists that indicate 
an aggregative process throughout it. We liavci nehul*e 
that are diffused and irregular, and others tlnd, arc*. st>iral, 
annular, sphericjaJ, etc. ' We have groups of stars the 
members of which are scattered, and groups cojic;c*ntni.teti 
in all clogreep down to closcdy packed g!ol)u!ar <;lusti*rs. 
We have these grou])B differing in the iiiMnlH‘rs of ilKur 
members, from those containing rnymil ihotisaml stars to 
those containing but two. Among individual stars iJicrc 
are great contrasts, real as well as’ apparent, of size; atid 

y Tha te.rnw h>^r(^ iworl mtiHt bo urK.i(.*mt/>oa in rolativr* Sin<*o wi» knew 

of no mich tbinff as (nftuHb>n or absobuo ooncontrut hiiL tbo olmiiKO 

emnoovorbo anythinw but aeban/^o from a mon^ jUffmiHl toub-HH dimMjoii 
state- rroui KruaHiU' irohonaioo; aial, sSuiUnrly, as no 
cotka^:»UU:vxisauu:;{:‘s present tw with ubw>IiiP^ Kimpliius v - uh uotbiijL^ Is per- 
fectly uniform- m we nowhere iUri complete bomoKeneity the trauhfonua- 

ti on is literally always towimi Kmiter eontplexlty, or iuerennea mtitlif»*rm- 
ny. or ftirfther heterogeneity. This iimaiUuation the retuter mmt huliitttally 
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from their milike colors, as well as from their inilike spec- 
tra, nuinerotis contrasts among their physical states are 
inferable. Beyond which heterogeneities in detail there 
are general heterogeneities. Nebulm are abnnclant in some 
regions of the heavens, while in others there are only 
stiirs. Hero the celestial spaces are almost void of objects, 
and there we see dense aggregations, nebular and stellar 
together. 

The matter of our Solar System during its concentration 
has become more multiform. The aggregating gaseous 
spheroid, dissipating its motion, acquiring more marked, 
linlikenesses of density and temperature between interior 
and exterior, and leaving behind from time to time annular 
portioUvS of its mass, underwent differentiations that in- 
creased in number and degree until there was evolved the 
existing organized group of sun, planets, and satellites. 
The heterogeneity of this is variously displayed. Iffiere 
arc the immense contrasts between the sun and the plan- 
ets, in bulk and in weight; as well as the subordinate con- 
trasts of like kind between one planet and another, and 
between the planets and their satellties. There is the 
further contrast between the sun and tlie planets in re- 
spect of temperature; and there is reason to suppose that 
tlie planets and satellites differ from one another in their 
proper heats as well as in the heats which they receive 
from the sun. Bearing in mind that they also differ in 
the inclinations of their orbits, the inclinations of their 
axes, in their specific gravities, and in their physical con- 
stitutions, we see how decided is the complexity wrought 
in the Solar System by those secondary redistributions that 
have accompanied the primary redistribution. 

§ 118. Passing from this liypothetieal illustration, which 
must be taken for what it is worth, witliout prejudice to tin 
general argum(3iit, let ns descend to an order of evidenc 
less o|>en to objection. 

It is now generally agreed among geologists that th< 
Farih was ojice a mass of molten niatter, and that its innei 
parts are still fhnd and incandescent. Originally, then, i1 
was comparatively* homogeneous in consistence; and, be- 
cause of the circulation that takes place in heated fluids, 
must have been comparatively homogeneous in temperature. 
It must, too, have been surrounded by an atmosphere con- 
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sisting X)artly of the elements of air and water and jiartly 
of those various other elements which asBume gase()ns f()rrnvS 
at high temperatures. Tliat cooling by radiation wliicdi, 
thougli originally far more rapid than now, necessarily yo 
r|iiired an immense time to produce decided <*liang(3 must 
at length have resulted in ditl'erentiating the })ortion most, 
able to j)artwith its lieat; namely, tlie surfa(3o. A furtlier 
cooling, leading to deposition of all Bolidiilablo elcmieids 
contained in tlie atmosphere, and finally to preei[)itation 
of tliG water and separation of it from tlie air, must thus 
have caused a second marked ditrerentiation; and as the 
condensation inust have cornmeneed on the coolest parts of 
the surface — namely, about the poles— tliere must so have 
resulted the finst geographical distinctions. 

To these illustrations oE growing lieterogeiuu'ty, wluch, 
though deduced from the known laws of matter, may lie 
regarded as hypothetical, (leology adds an extensive seines 
tliat have been inductively established. d’lKj Earth’s sirti<d- 
nre has been ago after age fiirtlier involved l)y tlie multi- 
plication of the strata wliich form its crust; and i(> has 
been age after age further involved by tiie inercaising e{)m- 
jiosition of these strata, the more recent of wliich, formed 
from the detritus of tlie more ancient, are many of them 
rendered highly complex by the mixtures of nmterials tlu*y 
contain. This heterogeneity has tieon vastly increased liy 
the action of the Eartli’s still molten nucleus oii it,s cmvel- 
ope; whence liave resulted not only a great varieiy of ig- 
neous rocks, but tlie tilting up of sedimemtary strata at all 
angles, tlie formation of faults and, metallic veins, tlie pro- 
duction of endless dishxtations a.rHl irregularities. Again, 
geologists teacdi us that the Earth’s surface has he(‘U grow- 
ing more varied in elevation— iliat the most aiHu'cnt moun- 
tain systems are the smallest, and tlie Andes and Himalayas 
the most modern; while, in all probalulity, ilim’c liavc 
been corresponding changes in the bed of the otMuim As 
a consequence of this eeaseh^ss multiplication of dilfcrcnccs, 
we now find that no (amsickwulile portioii of tlie Earth’s 
exposed, surface is like any oilier portion, either in con- 
tour,' in geologic structure, or in idiemical com|,)osition; 
ami tliat,' in most parts, tlio surface changes from mile to 
mile in all these clmracteristies. 

, : There ^luis been siranltaneoiisly going on 'a griiduiil dif- 
feren'tiation of climates; As- fast as' theJSarth'eooIecl and 
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its crnst solidified, inequalities of temperature arose be- 
tween those parts of its surface most exposed to the sun 
and those less exposed; and thus in time there came to be 
the marked contrasts between regions of perpetual ice and 
snow — regions where winter and summer alternately reign 
for periods varying according to the latitude, and regions 
where summer follows summer with scarcely an apiirecia- 
ble variation. Meanwhile, elevations and subsidences, recur- 
ring hero and there over the Earth’s crust, tending as they 
have done to produce irregular distribution of land and 
sea, have entailed various modifications of climate beyond 
those dependent on latitude; Avhilo a yet further series of 
siicli modifications has been produced by increasing dif- 
ferences of height in the lands, which have in sundry |)laces 
brought arctic, temperate, and tropical climates to within 
a few miles of one another. The general results of these 
changes are, that every extensive region has its own meteor- 
ologic conditions, and that every locality in each region dif- 
fers more or less from others in those conditions; as in its 
structure, its contour, its soil. 

Thus, betw’een our existing Earth, the iihenornena of 
wliose varied crust neither geograi'diers, geologists, mineral- 
ogists, nor meteorologists have yet enumerated, and the 
molten glohe out of which it was evolved, the contrast in 
heterogeneity is sufficiently striking. 

§ 119. The clearest, most numerous, and most varied 
illustrations of the advance in multiformity that accom- 
panies the advance in integration are furnished by living 
organic bodies. ' Distinguished as we found these to bo by 
the great quantity of tlieir contained motion, they exhibit 
ill an extreme degree the secondary redistributions winch 
contained motion facilitates. The history of every plant 
and every animal, while ii is a history of increasing bulk, 
is also a history of simultaneously increasing differences 
uriong the parts. This transformation has several as*» 
I'locts. 

Hie cliemical composition which is almost uniform 
througliout tlic subBtanee of a germ, vegetal or animal, 
gradually ceases to be uniform. The several compounds, 
nitrogenous and non-nitrogenous, which were homoge- 
neously mixed, segregate by degrees, become diversely pro- 
portioned in diverse places, and produce new compounds by 
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transformation or modilication. In plants the albuminous 
and amylaceous matter which form the substance of the 
embryo give origin here to a preponderance of chlorophyll 
and there to a preponderance of cellrilosc. Over tluj |>arts 
that are becoming leaf-surfaces certain of tlie materials 
are metamorphosed into wax. In this place starch passes 
into one of its isomeric equivalents, sugar; and in that 
place into another of its isomeric e(|uivalents, gum. By 
secondary cliange some of the cellulose is motiilied into 
wood*; while some of it is modifkulinto the allied substaiK^e 
which, in large masses, we distinguish as cork. And tlie 
more numcux:)us *cornpounds thus gradually iirising initiate 
further unlikeiiesses by miugliug in unlike ratios. An 
animal ovum, the components of which are at first evenly 
diffused among one another, elunni chilly trains forms itself 
in like manner. Its proten'n, its fats, its salt, Ixjcome 
dissimilarly jn'oportioned in difrerent localities; ami mul- 
tiplication of isomeric forms Icnids to fiirlJun* mixtures 
and combinations that constitute many minor distinctions 
of parts. Hero a mass darkening by atunimulation of bem- 
atine, presently dissolves into blood, fat-t.y albu- 

rn iiiou s matters uni ting, com pose nerve-t issu e. A i, ii i is s[ k > t 
the nitrogenous substance takes on the (luM*tici,er of carti- 
lage; and at that, cahnireous salts, gatliering togcd,her in 
the cartilage, lay the foundation of bone. All these <;licm- 
ical diiTeremiaations slowly and inscumilfiy be<X)nie more 
marked and more multij)]ied. 

Sirnultaneously tliero arise (contrasts of minutt*, struc- 
ture, Distinct tissues take* the place of mattiir tlmi had 
previously no recogni/aible uniikeuesses of |atrts; ami each 
of the tissues first produced uu<lergc>es Bcc.omiary modilica- 
tions, causing sub-speeicB of tissues. Tlic granular jirota)- 
plasm of tlio vegetal germ, equally with tluit wlticdi forms 
the ^tmfolding point of every shoot, gives origin to cell»s 
that are at first alike. Borne of thesrq as they grow, flat- 
ten and unite by tlieir edges to form the outer ljiyt*r. 
Otliers elongatc^greatly, and at tlie same tiruivjiiin i.<igtdht*r 
in l)un(i](‘S to lay the foundation of wootiy filire. Before 
they Iregiii to elongate, ■certain of these ceils sliow a lirenk- 
ing-iip of the lining deposit, which, during elongation, 
becomes a spiral thread, or a ■reticulated framewm*k, or a 
series of' rings; and; by the lougitudinaD''iinioii'''of cells 'Bo' 
lined, .vessels 'are .formed. , .Meanwhile each "of "these' .differ-' 
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entiated tissues is redifferentiated: instance that which 
constitutes the essential part of tlie leaf, tlie upper stratum 
of which is composed of chlorophyll-cells that remain close- 
ly packed, while the lower stratum becomes spongy. Of 
the same general character are the transformations under- 
gone by the fertilized ovum, which, at first a cluster of 
similar cells quickly reaches a stage in which these cells 
become dissimilar. More frequently recurring fission of 
the superficial cells, a resulting smaller size of them and 
subsequent union of them into an outer layer, constitute 
tlie first differentiation; and the middle area of this layer 
is rendered unlike the rest by still more active processes 
of like kind. By such modifications upon modifications, 
too multitudinous to enumerate here, arise the classes and 
siib-classes of tissues which, variously involved one with 
anotlior, compose organs. 

Equally conforming to the law are the changes of general 
shape and of the shapes of organs. All germs are at first 
spheres, and all organs are at first buds or mere rounded 
lumps. Prom this primordial uniformity and simplicity, 
there takes place divergence, both of the wholes and tlie 
leading parts, toward multiformity of contour and to- 
ward complexity of contour. Out away the compactly 
folded young leaves tliat terminate every shoot, and the 
nucleus is found to be a central knob bearing lateral knobs, 
one of which may grow into either a leaf, a sepal, a petal, 
a stamen, a carpel: all these eventually unlike parts being 
at first alike. The shoots themselves also depart from their 
primitive unity of form; and while each branch becomes 
more or less different from the rest, the whole exposed part 
of the plant becomes different from the imbedded part. 
So, too, is it with the organs of animals. One of the Arti- 
culaki^ for instance, has limbs that are originally indistin- 
gu isliable from one another — compose a homogeneous series ; 
but by continuous divergences there arise among them 
unlikenesses of size and form, such as we see in the crab 
and the lobster. Vertebrate creatures equally exemplify 
this truth. The wings and legs of a bird are of similar 
shapes when they biul^out from the sides of the embryo. 

Thus in every plant and animal conspicuous secondary 
redistributions accompany the primary redistribution. A 
first difference between two parts; in each of these parts 
other differences that presently become as marked as the 
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first; and a like multiplication of differences in geometri- 
cal progression, until tberc is reached tha.t complex com- 
bination constituting the adult. This is the liistory of ail 
living things wliatcver. Pursuing an idea wii ich J la,r vey set 
afloat, it has been shown by Wollf and Von l‘>aer, that 
during its evolution each organism passes from a state of 
homogeneity to a state of heterogeneity. For a generation 
tluKS truth has been accept hy l)ioiogists.* 

§ 120. When we pass from individual forms of life to 
life in general, and ask whether the same law is schui in 
the emmiMe of its manifestations — whetlier modern plaiits 
and animals have more heterogeneous structures tliau an- 
cient ones, and whether the Earth’s ])resent hlora and 
Fiuina are more heterogeneous tluin tln^ I^'lora and Fairna 
of the past— wo find the evidence so fragmentary, tliat 
every conclusion is open to dispute, dbvo-ihirds of the 
Eartli’s surfacjc Ijcing covered by water, a gr(‘at |)art of the 
exposed land being inaccessible to, or untriivclled Ijy, the 
geologist— the greater part of the remainder liaving Ixmmi 
scarcely more tlian glanced at, and ovtm tlic most familiar 
portions, as England, having been so im|)tM’fectly explored 
that a n(3w series of strata has lujen added witlrin these few 
years — it is manifestly impossible for ns to say with any 
certainty what creatures have, and what have not, existixi 


’•'Xt was in 1852 that; I bwana’: ae<main(,<>!<l wit h Von Ba(‘r's <*xpn‘ssion of thin 
general piineipla. Tlio univorstiiify of law huU ovin* b«M*n with tnoa p*»Ktnlati% 
carrying? with it a eorn^hitivo ln‘Iifif, ta<‘it if not avowoC, in unity of nnXluxl 
throughout Nature. This HtaUMianit,, that ovory plant and animaJ, originully 
Xwinogenaous, becomes gradually in‘t«*rogeniM)tis» w't up a, proeess of eo-or<l|. 
nation among accumulated thoughts that were previtaisly unorganized, or hut 
partially organiaxL It is true that in “Social .Stath‘s” (Cart IV., 12 h»j, 
written before mt'cting with Von Ba(U''’H formula, the <l<‘velo|>ment of im 
individual organism and thedeveh>i)in(‘nt of thrsHociiil organism artMh^serilHal 
as alike consisting in advaime from simplicity to complexity, ami from in- 
dependent like parts to mutually-dependent; itnliKt* jMirts ~ a para.lh‘UKm implied 
by Milne-Bdwards’ doctrine of “the |>hysioIogicai <U vision of hUxu*.” But 
though admitting of extension toother super-organic |>h<nKmiena, this sftUc- 
ment was too sikxjial to afimit of extension to inorgaiu<'. phenomena. 1'he 
great aid rendered by Von Baer’s i’ormula arose from its higlter genenUity ; 
since, only when organic transformations had been expreHsed tn the most; 
general terms, was the way opentsl for s<*eing wlmt th<*y had in I'ommon 
with inorganic transformations. The ciotivitstion timt this pro<*eHK of clsange 
gone through by each evolving organism is a prwess gmsMiinrugh l>y till 
things, found its first coherent, statement in an «*ssay on “ProgresH; its Law 

and Cause,” will eh I published in the WvHtmhwttr Hvriew for April, 1857 - 

an e.ssay witli the first; half of whieh this cha|>tf*r eoim.'hles hi sulmliiiK’e, 
and partly Inform, In that essay, however, as also in tlie first e(,Ution or 
this work, I' fell into the <uTor of supposing that .the t.ra«Kform.atiott of tlai 
homogeneous into the heterogimeous eonstltuti^s Kvolutlon, when:‘ftii. as we 
have seen, .it coTi8titi..ites the secondary rt-distribution awomi’ianylng this prl- 

■nmry .redistribution in that Evolution which we distinguish *i« comiKiund- or 

rather, its, ■we shall presently see,, it constitutes tl.» most conspicuous part .of' 
'this secondary redistribution. ' 
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at any particular period. Considering the perishable na- 
ture of many of the lower ox^ganic forms, the metamor- 
phosis of many sedimentary strata, and the gaps that occur 
among the rest, we shall see further i^eason for distrusting 
our deductions. On the one hand, the repeated discovery 
of vertebrate remains in strata previously supposed to con- 
tain none — of reptiles where only fish were thought to 
exist — of mammals whei'e it was believed there were no 
creatures higher than reptiles — renders it daily more mani- 
fest how small is the value of negative evidence. On the 
other hand, the worthlessness of the assumption that we 
have discovered the earliest, or anytliing like the earliest, 
organic remains, is becoxning equally clear. That the old- 
est known aqueous formations have been greatly changed by 
igneous action, and that still older ones have been totally 
transformed by it, is becoming undeniable. And the fact 
that sedimentary strata, earlier than any we know, have 
been melted up, being admitted, it must also be admitted 
that we cannot say how far back in time this destruction of 
sedimentary strata has been going on. Thus it is mani- 
fest tliat the title Palmozoic^ as applied to the earliest 
known fossiliferous strata, involves a petiiio principii; and 
that, for aught we know to the contrary, only the last few 
chapters of the Earth’s biological history may have come 
down to us. 

All inferences drawn from such scattered facts as wo find, 
must thus be extremely questionable. If, looking at the 
general aspect of evidence, a progressionist argues that the 
earliest known vertebrate remains are those of Eishes, which 
are the most homogeneous of the vertebrata, that Keptiles, 
which are more heterogeneous, are later, and that later 
still, and more heterogeneous still, are Mammals and 
Birds, it may be replied that Paheozoic deposits, not be- 
ing estuary deposits, ai"e not likely to contain the remains 
of terrestrial vertebrata, which may nevertheless have ex- 
isted at that era. The same answer may he made to the 
argument that the vertebrate fauna of tlie Palaeozoic 
period, consisting, so far as we know, entirely of Pishes, was 
less heterogeneous than the modern vertebrate fauna, which 
includes Reptiles, Birds and Mammals, of multitudinous 
generator the uniformitarian may contend, with great 
show of truth, that this appearance of higher and more 
varied forms in later geologic eras was due to progressive 
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immigration— tliat a continent slowly nplioavecl from tlie 
ocean, at a point remote from pre-e?xisting coiitinonts, wou ld 
necessarily l)e peo]>led from them in a succession like tliat 
which onr stratii display. At tlie sanie time tlio coimttu*- 
arguments may be pro\-od equally inconclusive. When, to 
show that til ere cannot have been a continuous evolution 
of tile more homogeneous organic forms into tlic more 
lioterogeneoiis ones, tlie uniformitarian points to tlu^ breaks 
that occur in the succession of these f(>rms, tliere is tlie 
sufficient answer that current geological clianges show us 
why such breaks must occur, and why, by Bubsidences and 
elevations of largo area, there must be iirodiuaHl siudi 
marked breaks as those which divide the thret^ great g(u>- 
logic epochs. Or again, if tlie opponent of iln^ (hn'elop" 
mcnt hypothesis cites tlie fa(d:.s set forth by l^rofiASsor 
Huxley in Iris lecture on “ Persistent dVp(*s”~ir he jioints 
out that ''of Sfiirie two humlrcul known orders of plants, not 
one is exclusively fossil,” while "among animals, there is 
not a single totally extinct class; and of i,ho or<U'rs, at i,he 
outside not more than seven per cent are unr(*j)resent(‘d in 
the existing creation;” if he urges that among tlu’se some 
have continued from tlio Silurian (5p<»cli to our own day 
with scarcely any change; and if ho infers that tlH*re is 
evidently a mncli greater average rt»8enihlane<i lH‘tw(*en the 
living forms of the past and those of tlie present, tliun con- 
sists with this liypotliesiJ^, there is still astiiisfaef^ory rcjily, 
on wliich, in fact, Ih^rlcssor iriixloy iiisists; nameiy, that 
we have evidenec of a " jin^-geologie, era” of unknown du- 
ration. And, imleed, when it is riunemixumd t»hat the 
enormous Bubsidcnces of the Hilurian imrioil slmw tlia 
Earth’s crust to have been appr<>xirna,ti!ly as t,!iit*k t-lien as it 
is now^ — when it is tsnududed that the time taken to form 
so 'thick a crust must havO' hmi immense? nn eompared with 
the time which has si n('‘ 0 'elapsed — wht*n it is assumed, as it 
must bo, that during tins comparatively imuK?ns(? time the 
geologic and biologic changes ivent o'u at t!'u?ir iist'ial rates; 
it. becomes numifest, not only that the paheo'iitalf'igical re- 
cords which we find do not negative the thc?ory of O'volii- 
tion, but that they arc such as miglit rationally' bo look'Od 
for. 

.'Moreover, it must not bo forgotten that. though, the ev'i- 
donee .su'ffices neither for proof .nor disproof,'' yet gomtvO'f' 
its. most .conspicuous'' .facts s'upport ' the belief that ''the' more. 
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lieterogeneoiis organisms and groups of organisms have 
been evolved from the less heterogeneous ones. The 
average community of type between the fossils of adjacent 
strata, and still more the community that is found between 
the latest tertiary fossils and creatures now existing, is one 
of these facts. The discovery in some modern deposits of 
such forms as the Palasotherium and Anaplotherium, which, 
if we may rely on Professor Owen, had a type of structure 
intermediate between some of the types now existing, is 
another of these facts. And the comparatively recent ap- 
pearance of Man is a tliird fact of this kind, which pos- 
sesses still greater significance. Hence we may say, that 
though our knowledge of past life upon the Earth is too 
scanty to justify us in asserting an evolution of the simple 
into the complex, either in individual forms or in the ag- 
gregate of forms, yet the knowledge we have not only 
consists with the belief that there has been such an evolu- 
tion, but rather supports it than otherwise. 

§121. IVhether an advance from the homogeneous ’to 
the lieterogeneous is or is not (lis],)layecl in the biological 
Iiistory of tlie globe, it is clearly enough displayed in the 
progress of tlie latest and most heterogeneous creature — 
Man. It is alike true tliat, during the period in which 
the Earth has been peopled, the Imman organism has grown 
more heterogeneous among the civilized divisions of the 
species, and that the species, as a wliole, has been made 
more heterogeneous by the multiplication of races and the 
differentiation of these races from each other. In proof of 
the first of these positions, we may cite the fact that, in 
the relative development of the limbs, the civilized man 
departs more widely from the general type of the placental 
mammalia than do the lower human races. Though often 
possessing well-developed body and arms, tlie Papium lias 
extremely small legs:' thus reminding us of tlie c|uadru- 
inami, in whicli tliere is no great contrast in size between 
the hind and fore limbs. But in the European, tlie greater 
length and massiveness of tlie legs has become very marked 
— the fore and hind limbs arc relatively more heteroge- 
iieoiis. Again, the greater ratio which the cranial hones 
hear to the facial bones illustrates the same truth. Among 
the vertebrata in general ’ evolution is marked by an in- 
creasing heterogeneity in the vertebralr column, and more 
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especially in the segments eonBlituting the skull : the higher 
forms being distinguished by the relatively larger size of 
the bones wliieli cover tlie brain, and the relatively snuiller 
size of those wliicli form the jaws, etc. Now, this dnirac- 
terivStic, which is stronger in Man than in any othio creat- 
ure, is stronger in the Enroj>ean tlian in the savage. 
Moreover, jiuiging from tlie greater e-x tent and variety of 
faculty he exhibits, wo may infer that the civilized man 
lias also a more complex or heterogeneous nervous system 
tlnni tlio uncivilized man; and indeed the fact is in part 
visible in the increased ratio which his cerebrum bears to 
the subjacent ganglia. If further elncidation lie neethid, 
wo may Hiul it in every nursery. The infant European 
has siindry niarked points of resoinblanco to llie lowc^r liu- 
man races; as in tlio flatness of the aL’e of the nosi!, tlie (ht- 
pression of its brirlge, the divergence unci forward c/pening 
of the nostrils, tlie form of tlicli|)s, tlie absence of a hamtal 
sinus, the widtli between the eyes, the smallness of ilie legs. 
Now, as tlie devciiojmiental process by wliieli tiiese traits 
an) turned into tliose of tlie adult ’Euro])ean is a continu- 
ation of that change from the liornogctncouB to the ludero* 
gerieous displayed during the jrrevioiis evolution of tJio 
embryo, Avhieh every physiologist will admit, it follows 
that tli^pirallel developmental iirocess, by whiedv tlie like 
traits <>fdJied)arbar()iiB races ha,ve been turned into ihoBC 
of tlie civilized races, has also been a continuation of the 
cliango from tlie lioinogeneous to t.lic lietcrogtuiccms. 
The trntli of the secoml' position— tliat Mankind, as a 
whole, have become more h(d,er<)gen(‘(ais*“is so oliviotis as 
scarcely to need illustration. Every work on Ktiinology, 
by its divisions and subdivisions of races, tKairs tc‘stimony 
to it, ^.Even were wo to admit tlie hypothesis that Man- 
kind ^originated from Beveral separate stcxdvs, it wcmld still 
remain, true tliat as from each of tliese sii,)cks tlimx) .have 
sprung many now widely different tribes, wlueli are |>roved 
by philological evidence to Imve had a common origin, 
the race _as a whole is far less homogeneous than .it once 
was. Add to which, tluit wo liave, in tlio Anglo-Ameri- 
cans, an example of a new variety arisi.ng wif.hin f.heHe few 
generations; and that, if we may trust to the deseri|.dio.n8 
of observers, we are likely soon to have another such ex- 
ample in Australia, 
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§ 122. On passing from Humanity under its individual 
form to Humanity as socially embodied, we find the general 
law still more variously exemplified, llie change from the 
homogeneous to the heterogeneous is displayed equally in 
the progress of civilization as a whole, and in the progress 
of every tribe or nation, and is still going on with in- 
creasing rapidity. 

As we see in existing barbarous tribes, society in its first 
and lowest form is a homogeneous aggregation of individ- 
uals having like powers and like functions : the only marked 
difference of function being that which accompanies dilfer- 
ence of sex. Every man is warrior, hunter, lisherman, 
tool-maker, builder; every woman performs the same 
drudgeries; every family is self-sufficing, and, save for 
purposes of aggression and defence, might as well live apart 
from the rest. Very early, however, in the process of so- 
cial evolution, we find an incipient differentiation between 
the governing and the governed. Some kind, of chieftain- 
ship seems coeval with the firsb advance from tlie state of 
separate wandering families to that of a nomadic tribe. 
The authority of the strongest makes itself felt among a 
body of savages, as in a herd of animals, or a posse of 
schoolboys. At first, however, it is indefinite, uncertain; 
is shared by others of scarcely inferior power, and is un- 
accompanied by any difference in occupation or style of 
living; the first ruler kills his own game, makes his OAvn 
weapons, builds his own hut, and, economically considered, 
does not differ from others of his tribe. Gradually, as the 
tribe progresses, the contrast between the governing and the 
governed grows more decided. Supreme power becomes 
hereditarydn one family; tlie head of that fomily, ceasing 
to provide for his own wants, is served by others; and he 
begins to assume the sole office of ruling. At tlie same 
time there has been arising a co-ordinate species of govern- 
ment— that of Religion. As all ancient records and tradi- 
tions prove, the earliest rulers are regarded as divine 
personages. The maxims and commands they uttered dur- 
ing their lives are held sacred after their deaths and arc 
enforced by their divinely descended successors, who in 
their turns are promoted to the pantheon of the race, there 
to be worshipped and propitiated along with their prede- 
cessors, the most ancient of whom is the supreme god, and 
the rest subordinate gods. For tj. long time these connate 
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forms of government— civ ir and i-eligious^ — contimie closely 
associated. For many generations tlie king continnes to 
be the chief priest, and tlie priesthood to be iiionil>ors of tlio 
royal race. For many ages religions law coniinues to (con- 
tain more or less of civil regulation, and civilhiw to possess 
more or less of religious sanction; and even among the 
most advanced nations these two controlling agenciis arc 
by no means completely ditl’erentiated from eacli ottier. 
Having a common root with thcvse, and gradually diverg- 
ing from tlicrn, we lind yet anotlier controlling agency— 
that of Manners or ceremonial usages. All titles of Inmor 
are originally the names of tlie god-king; afterward of 
God and the king; still later of persons of higli rank ; and 
finally come, some of thean, to he uml between man and 
man. Ail forms of complimentary addre^ss were at first tlie 
expressions of submission from prisoma-s to their con- 
queror, or from subjects to tlunr ruler, eitlier Iminan or 
divine — expressions tliat were afterward used to t>ropitiate 
subordinate authorities, and slowly descended into ordi- 
nary intercourse. All modes of salutation were once 
obeisances made before tlie monarch and used in wajrsliii) 
of him after his death Presently others of tlie god-de- 
soended race were similarly saluted ; and liy degrees some 
of the salutations liavo become the duo of alL’^ Tlius, no 
Boorior does tlie originally homogenoous social mass differ- 
entiate into tlie governed and tlio governing parts, filian 
tliis last exhibits an incipient differentiation into religious 
and seciilar—Gliureli and State; wliile at f;he same time 
there begins to he difhu’entiated from Iiotli, i-hat 1 (‘sh definite 
species of government wliieli rules our daily intercourse— 
a species of government which, as we may see in lieralds’ 
colleges, in books of the peerage, in maBhmsof cenninniies, 
is not without a certain enilKaiimeiit of its own. EaeP of 
theBC kinds of government is itself subject; to smaaNSsive 
„ differentiations. In the course of agc‘s, there aristas, as 
among ourselves, a highly complex political orgaiy/.aitoii 
of monarch, ministers, lords and eornmons, witli their sufi- 
ordinate administrative departments, (;ourts of jnsticag 
.revenue offices, etc., supplemented in the ]irovint;es by 
numicipal , governmentB, county governments, parish m 
uui(,)n govcrnments,..all of thorn more or less elaboratecL, 
,,By ..its side there grows up a, highly complex, religious 

■ For .detailed .proof of the8© aBsertious.Moe oa “Matmeni aad FMhlojae^ 
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organization, with its various grades of ofFieials from 
archbishops down to sextons, its colleges, convocations, 
ecclesiastical courts, etc. ; to all which must be added the 
ever-multiplying independent sects, each with its general 
and local authorities. And at the same time there is de- 
veloped a highly complex aggregation of customs, manners, 
and temporary fashions, enforced by society at large, and 
serving to control those minor transactions between man 
and man which are not regulated by civil and religious law. 
Moreover, it is to be observed that this ever-inci-easing 
heterogeneity in the governmental appliances of each na- 
tion has been accompanied by an increasing heterogeneity 
in the governmental appliances of dilferent nations: all of 
which are more or less unlike in their political_ systems 
and legislation, in their creeds and religious institutions, 
in their customs and ceremonial usages 

Simultaneously there has been going on a second differ- 
entiation of a more familiar kind; that, namely, by which 
tlie mass of the community has been segregated into distinct 
classes and orders of workers. While the governing part 
has undergone the complex development above detailed, 
the governed part has undergone an equally complex de- 
velopment, which has resulted in that minute division of 
labor characterizing advanced nations. It is needless to 
trace out this progress from its first stages, up through the 
caste divisions of the East and the incorporated guilds of 
Europe, to the elaborate producing and distributing or- 
ganization existing among ourselves. Political economists 
have long since indicated the evolution which, beginning 
with a tribe whose members severally perform the same 
actions, ouch for himself ends with a civilized community 
wliose members severally perform different actions for each 
otlier; and they have further pointed out the changes 
through which the solitary producer of any one commodity 
is transformed into a combination of producers whom, 
united under a master, take separate parts in the manu- 
facture of such commodity. But there are yet other and 
liigher phases of this advance from the homogeneous to 
the heterogeneous in the industrial organization of society. 
Long after considerable progress has been made' in the di- 
vision of labor among the different classes of workers, there 
is still little or no division of labor among the widely sep- 
arnted parts of the community: the nation continues com- 
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paratively homogeiicons in the respect tliat in each district 
the same occupations are pursued. But when roads and 
other means of transit l:)econie numerous and good, tlie 
diiferent districts begin to assume different functions, and 
to become mutually dependent* Tlie calico manufacture 
locates itself in this county, the woollen inanufactiire in 
that; silks are produced here, lace there; stockings in one 
place, shoes in anotlier; pottery, hardware, cutlery, come 
to liave their special towns; and ultimately every locality 
grows more or less distinguislied from tlie rest by the hold- 
ing occupation carried on in it. Nay, more, tliis subdi- 
vision of functions sliows itself not only among tlie diffenmt 
parts of the same nation, but among different nations, dduit 
exchange of commodities wliich, free-trade promises so 
greatly to increase will ultimately liavt^ tlu^ (dhict of spe- 
cinJizing, in a greater or less degree, the industry of each 
people. So tliat begimiirig with a barbarous trilie, almost 
if not quite lioinogcmcous in tlie funertions of its members, 
the progress has been, and still is, toward an economic ag- 
gregation of the whole liurnan race; growing evermore 
lieterogcneous in res|)cct of the separate functions assumed 
by separate nations, the separate functions assumed by the 
local sections of each nation, the separate functions assumed 
by the many kinds of makers and traders in each town, and 
tlie separate functions assumed by the w'orkers united in 
producing eacli commod ity. 

^ 123. Not only is tlie law thus clearly exemplified in the 
evolution of the so(ual organism, laii it is exemplifiod witli 
equal elearness in the evolation of all produels of human 
thouglit and action; whether concrete or afistraid;, real or 
ideal. Let us take Language as our first illusiraiiori. 

The lowest form of language is the exchimation, hy whicli 
ail entire idea is vaguely conveyed through a single siiiiiid ; 
as among the lower animals. Tliat human language (>ver 
consisted solely of exclamations, and so was strictly !mmo- 
geneous in respect of its parts of speech, we haver no evi- 
dence. But tliat language can bo tracked down to a form 
in wliieb, nouns and verbs are its only elements, is an es- 
tablished fact. In the gradual niultipluiation of jiarfcs of 
spcecli out of tliese primary ones— in tJie ilillermitiatimi' of 
verbs into active and passive, of nouns into abstract and 
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coBcrete — in the rise of distinctions of mood, tense, Iverson, 
of number and case — in the formation of auxiliary verbs, 
of adjectives, adverbs, pronouns, prepositions, articles — in 
tlie divergence of those orders, genera, species, and varieties 
of parts of speech by which civilized races express minute 
modifications of meaning — we see a change from the homo- 
geneous to the heterogeneous. And it may be remarked, 
in passing, that it is more especially in virtue of having 
carried this subdivision of functions to a greater extent 
and completeness, that the English language is superior to 
all otliers. Another aspect under which we may trace the 
development of language is the dilferentiation of words of 
allied meanings. Philology early disclosed the trutli that 
in all languages words may be grouped into families having 
a common ancestry. An aboriginal name, applied indis- 
criminately to each of an extensive and ill-defined class of 
things or actions, presently undergoes modifications by 
which the chief divisions of the class are expressed. These 
several names springing from the primitive root, them- 
selves become the parents of other names still further mod- 
ified. And by the aid of those systematic modes which 
presently arise, of making derivatives and forming com- 
pound terms expressing still smaller distinctions, there is 
finally developed a tribe of words so lieterogeneous in sound 
and meaning that to the uninitiated it seems incredible 
they should have had a common origin. Meanwhile, from 
other roots there are being evolved other such tribes, until 
there results a language of some sixty thousand or more 
unlike words, signifying as many unlike objects, qualities, 
acts. Yet another way in which language in general ad- 
vances from the homogeneous to the heterogeneous is in 
the multiplication of languages. Whether, as Max Miiller 
and Bunsen think, all languages have grown from one stock, 
or whetlier, as some pliilologists say, they have grown from 
two or more stocks, it is clear that since large families of 
languages, as the Indo-European, are of one parentage, they 
liavo become distinct tlirougli a process of continuous di- 
vergence. The same diffusion over the Earth’s surface 
which lias led to the differentiation of the race, has simul- 
taneously led to a differentiation of their speech : a truth 
wliich we see further illustrated in each nation by the pe- 
culiarities of dialect found in separate districts. Thus the 
progress of Language conforms to the general law, alike in 
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the evolution of languages, in the evolution of families of 
words, and in tlie evolution of parts of speech. 

On passing from spoken to written language, we come 
upon several classes of facts, all having similar implica- 
tions. Written language is connate with Painting and 
Sculpture; and at lli’st aJI three are a.})j)0Mdages of Arclii- 
tecturo, and liave a direct connection with the primary form 
of all Government — the tlieocratic. Merely noting by the 
way tlie fact that sundry wild races, as for example tlie 
Australians and the tribes of South Africa, arc given to 
depicting personages and events upon the walls of caves, 
wliich are probably regarded as sacred ])la(*es, lei; us jaiss to 
the case of the Egyptians. Among tliern, as also a.mong 
the Assyrians, we iind mural paintings used to decorato I, lie 
temple of the god and the jialace of the king (whiidi were, 
indeed, originally identical) ; and as such they were govern- 
niontal appliances in ilio same sevnse that stai;(i pageants 
and religious feasts were. Further, i.liey were govern- 
mental appliances in virtue of reiiresentiiig tlie wtn'sliip of 
the god, the triumphs of the god-king, iJie submisidvm of 
his subjects, and the punishment of the rebellious. And 
yet again they were governmentsd, as being tlie prodmvts 
of an art reverenced liy tlie ]'ieoi>le as a sacred mystery. 
From the habitual use of this [lictoria.! repreBentation, 
there naturally grow up tlie but sliglitly modified |tru.ctiee 
of picture-writing — a practice wliich was found still extant 
Minong the Mexicans at the time tluy were diseovered* Hy 
abbreviations analogous to those still geing on in our own 
written and spoken languages, the most, familiar o** tJiese 
picturetlfiguros Win’esiuauissively siniplitic ; and iiltimat(*ly 
there grow np a system of symbols, most of whieli had but 
a distaiit resemblance to the things for wliieli they stood. 
Tlie iiiferenco that the hieroglyphics of tht^ Egyptians were 
thus produced is confirmed by tlie fact that tiie |d(»ture- 
writing of the Mexicans was found to Imve given birth to a 
like family ,of ideographic forms; and among thorn, as 
among the Egyptians, these liad lieen partially difTeximti- 
ated into the kurudmjivfd or imitativci, and the impieul or 
symlrolic: which were, liowcvcr, used together in the same 
record. . In Egypt, written language underwent a further 
ditlerentiation; whence resulted the hiemlk and the epuio- 
logTaphic or enelmrial: both' of wliich are derived' from the 
original ''hieroglyphic. At the; same' time: we find that for' 
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the expression of proper names, which could not be other- 
wise conveyed, phonetic symbols were employed; and 
though it is alleged that the "Egyptians never actually 
achieved complete alphabetic writing, yet it can scarcely be 
doubted that these phonetic symbols occasionally used in 
aid of their ideographic ones were the germs out of which 
alphabetic writing grew. Once having become separate 
from hieroglyphics, alphabetic writing itself iindeiwvent 
numerous dilferentiations — multiplied alphabets w^ere pro- 
duced: between most of which, however, more or less 
connection can still be traced. And in each civilized na- 
tion there has now grown up, for the representation of one 
set of sounds, several sets of written signs, used for distinct 
purposes. Finally, through a yet more important dilfer- 
entiation came printing; which, uniform in kind as it was 
at first, has since become multiform. 

§ 124. While written language was passing through its 
earlier stages of development, the mural decoration which 
formed its root w^as being differentiated into Painting and 
Sculpture. The gods, kings, men, and animals represented 
were originally marked by indented outlines and colored. 
In most cases these outlines w'cre of such depth, and the 
object they circumscribed so far rounded and marked out 
in its leading parts, as to form a species of work inter- 
mediate between intaglio and bas-relief. In other cases 
we see an advance iipoti this* the raised spaces between the 
figures being chiselled off, and the figures themselves ap- 
propriately tinted, a painted bas-relief was produced. The 
restored Assyrian architecture at Sydenham exhibits this 
style of art carried to greater perfection — the persons and 
things represented, though still barbarously colored, are 
carved out witli more truth and in greater detail ; and in tlie 
winged lions and bulls used for tlic angles of gateways, we 
may see a eonsidorable advance tow^ard a completely seulp- 
tu red figure; which, nevertheless, is still colored, and still 
forms part of the building. But while in Assyria the 
production of a >statue proper soenus to have been little, if 
at all, attempted, we may trace in Egyptian art the gradual 
separation of tlie scalptnred figure from tlie wall A walk 
throngli the colloetiou in the Britisli Museum will clearly 
show this; while it will at tlie same time afford an oppor- 
tunity of observing the evident traces which the indepen- 
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dent statues bear of their derivation from bas-relief: 
seeing that nearly all of them not only disphiy tluit niiiou 
of the limbs with the body which is the elKirachoistic of 
bas-relief, but have the back of tliesiatiu) inuted from liead 
to foot witli a block wliich stands in place of tlie original 
wall. Greece repeated the leading stages of this iJrogrcss. 
As in Egypt and Assyria, these twin arts W(‘!h^ at first; 
united witii each other and with tlieir pa.rent, Arcthiiecture; 
and were tlie aids of Religion aiul Govcriinuvnt. On the 
friezes of G reek temples, we see colored ims-reliefs repre- 
senting sacrifices, battles, processions, ga,rm?s — idl in sorno 
sort religions. On the pcdiinents we see paintcal sculp- 
tures more or less united with tlie tyinpaniuu, and having 
for subjects the triumphs of gods or heroes. Hviui when 
we come to statues tlmt are deliiiiicly st‘paratiai from the 
buildings to which they pertain, wi^ still tind t hem colonal; 
and only in tlio latcw periods of Grettk civilization dotns 
the differentiation of s<tulpture from painting ap|H‘ar to 
have become corn|>lct:c. In Oliristian art we may ehairly 
trace a |)arallel regenesis. All early paintings and sculp- 
tures tliroiighout Murojie were religious iu sulijinh,- rt^ire- 

sented Olirists, crucitixions, virgins, holy families, aimstles, 
saints. Tliey formed integral parts of ehurch arehiteeiure, 
and were a,mong tlie nmans of exeJting worship: as in 
Roman Catholic countries they still are. Moreover, the 
early sculptures of Clirist on .tlio cross, of virgins, of 
saints, were colored; and it needs Imt io call to mind ilui 
painkMl madonnas and erueifhes still abtuidant in (‘oriii- 
nental churches and lughways, to perceive the Higiiilit»ant 
fact that painting and sculpture continue in closest con- 
nection with each other, where tiu^y (continue in closest 
connoction with their parent. Even wlieii Christian smdj)- 
ture was pretty dearly diileren tinted from painting, it was 
still rcligiouB and governmental in its was used 

for tombs in churches and statues of kings; wliili*, at tlie 
same time, painting, where not ptirely eeidt^siastieui, was 
applied to the decoration of palaces, and, bcsitles reprt‘sont- 
iiig royal persouages, was almost wliolly dm’otial U) .sm*rcd 
legends. Only iu (juite recent times liave .painting and, 
BouJpture, become entirely secular arts. Only within 
few centuries has painting been divided' ,iiVt<r liisiorical, 
landscape, marine, arelu'teetural, genre, tmiiiial, still-life, 
■■etc.,, 'and sculpture growii heterogenous' in respect' o'f : the 
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variety of real and ideal subjects with whicli it occupies 
itself. 

Strange as it seems, then, we find it no less true that all 
forms of written language, of painting, and of sculpture, 
have a common root in the politico-religious decorations of 
ancient temples and palaces. Little resemblance as they 
now have, the bust that stands on the console, the land- 
scape that Inings against the wall, and the copy of the 
Times lying upon the table, are remotely akin ; not only in 
nature, l)ut by extraction. The brazen face of the knocker 
wliich the postman has just lifted is related not only to 
the woodcuts of the lUustrateil London News which he is 
delivering, but to the cliaracters of the bilM-doiix which 
accompanies it. Between the painted window, the prayer- 
book on which its light falls, and the adjacent monument, 
there is consanguinity. The effigies on our coins, the 
signs over shops, the figures that fill every ledger, tlie coat 
of arms outside the carriage-panel, and the placards inside 
the omnibus, are, in common with dolls, blue-books, and 
paper-hangiiigs, lineally descended from tlie rude sculpture- 
paintings in wliich the Egyptians represented the triumphs 
and worship of the god-kings. Perlia]}s no oxanr])le can be 
given which more vividly illustrates the multi|)licity and 
heterogeneity of the products that in course of time may 
aris(3 by successive difi'erentiations from a common stock. 

Before passing to other classes of facts it should be ob- 
served that the evolution of the homogeneous into the 
heterogeneous is displayed not only in the separation of 
Painting and Sculpture from Arcliitecture and from each 
other, and in the greater variety of subjects they embody ; 
but it is further shown in the structure of each work. A 
modern picture or statue is of far more heterogeneous na- 
ture tlian an ancient one. An Egyptia.n sciuljitnre-freseo 
represents all its figures as on one jilane — t!iat;is, at the 
same distance from tlie eye; and so is less heterogeneous 
than a painting tliat represents them as at various dis- 
tances from tlie eye. It exhibits all objects as exposed to 
the sarnc degree of light; and so is less heterogeneous than 
a ]:)aintii)g which exhibits diiTereut olijects, and different 
parts of eacli object, as in different degrees of liglii It 
uses seareoly any' but the primary colors, and these in their 
full intensity ; and so is less heterogeneous than a painting 
which, introducing the primary colors but sparingly, om- 
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ploys an endless va,riety of intermediate tints, eaclr of het- 
erogeneous (3omposition, and differing from tlic rest not 
only in quality but in intensity. Moreover, wo see in those 
earliest works a great tiniformity of (•(jneoption. The snino 
arrangement of (igiires is pcrpetiuiliy ro{)r<)due(Hl— thosanie 
actions, attitudes, faces, dresses, lu Egypt, the inoiliNS of 
representation were so (Lxed that it was sa,crilege to intro- 
duce a novelty; and indeed it c^ouid have been only in 
consequence of a iixed mode of representation tliat a system 
of hieroglyphics became possible. Tlie Assyrian bas-re- 
liefs display parallel characters. Deities, kings, attendants, 
winged figures, and animals are severally depicted in like 
positions' holding like impleineiits, doing like things, and 
with like expression or ]ion-expression of fjice. If a iKilm- 
grove is introduced, all the trees are of the s.'inic laugh t, 
have the same number of loaves, and are (‘qu idistant. W lien 
water is imitated, ejudi wave is a (U)mjter|)tirt of the r<ist ; and 
tlie fisli, almost always of one kind, are everily distributed 
over tlie surface. The beards of the kings, tlie gods, and 
the wiiigcid figures are everywhere similar; as are the 
manes of the lions, and. ecjually so those of the horses. 
Ilair is represented tlironghout liy one form of eiirl. ^Idie 
king’s beard is (|uite architecturally built u}) of cornpoiniil 
tiens of uniform curls, alternating witli twisted tiers placed 
in a transverse direction and arranged witli perfect regu- 
larity ; and tlie terminal tufts of the Imlls’ tails arc repre- 
sented in exactly the same manner. Without tracing out 
analogous fa.cts in(,uu’ly CTiristiau art, in wlueh, tliougli less 
striking, tliey are still visible, the mlvaiice iri hehuaigencuty 
will be suiliciently ma-nifest on remembering tluit. in the 
pictures of our own day the c^omposiiion is endb^ssly va- 
ried: the attitudes, faces, expressions, unlike; the snhor- 
dinate objects different in si2;e, form, position, huxture; and 
more or less of contrast even in the sinallest (letails. Or 
if wo cominyro an Egyptian statue seated bolt ujiright on 
a block,, with hands-on knees, fingers outspread and paral- 
lel, eyes looking straight forward, aiid tin* two sidixs pm^feeily 
symmetrical in every pai’ticular, with a statue of tliii ail- 
vanced (rreek or the modern school, wliich is lisyniinet ri(fal 
in respect of the jiosition of the liead, thc^ body, tlie limbs, 
■the a-rrangement of the hair, dresS', apqimidages, and In it« 
relations to neighboring objects, we shall see tlie cliange from 
tlm Jiomogeneous to tlie Iiettnaigeneinis idearly 
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§ 125. In the co-ordinate origin and gradual diHerentia- 
txon of Poetry, Music, and Dancing, we have another series 
of illustrations. Rhythm in speech, rhythm in sound, and 
rhythm in motion were, in the beginning, parts of the 
same thing, and have only in process of time become sep- 
arate things. Among various existing barbarous tribes 
we find them still united. The dances of savages are ac- 
companied by some kind of monotonous chant, the clapping 
of hands, the striking of rude instruments; there are 
measured movements, measured words, and measured tones ; 
and the whole ceremony, usually having reference to war 
or sacrifice, is of governmental character. In the early rec- 
ords of the historic races, wo similarly find these three forms 
of metrical action united in religious festivals. In the 
Hebrew writings we read that the triumphal ode composed 
by Moses on the defeat of the Egyptians was sung to an 
accompaniment of dancing and timbrels. The Israelites 
danced and sung “ at the inauguration of the golden calf. 
And as if it is generally agreed that this representation of 
the Deity was borrowed from the mysteries of Apis, it is 
probable that the dancing was copied from that of tlie 
Egyptians on those occasions.” There was an aimual dance 
in Shiloh on the sacred festival; and David danced before 
tlio ark. Again, in Greece tlie like relation is everywhere 
seen: the original type being there, as probably in other 
cases, a simultaneous chanting and mimetic representa- 
tion of the life and adventures of the god. The Spartan 
dances were accompanied by hymns and songs; and in gen- 
eral the GTeekshad no festivals or religious assemblies but 
what were accompanied with songs and dances” — both of 
them being forms of worship used before altars. Among 
the Romans, too, there were sacred dances: the Salian and 
Lupercalian being named as of that kind. And even in 
Christian countries, as at Limoges in comparatively recent 
times, the people have danced in the choir in honor of a 
saint. Tlie incipient separation of these once united arts 
from each other and from religion was early visible in 
Greece. Probably diverging from dances partly religious, 
partly warlike, as the Oorybantiaii, came the war-dances 
proper, of which there were various kinds; and from these 
resulted secular dances. Meanwhile Music and Poetry, 
thougli still united, came to have an existence separate from 
dancing. The aboriginal Greek poems, religious in sub- 
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ject, were not recited, but chanted; and though atjirst the 
chant of tlio poet was acconipa,nied by the dance of tlie 
chorus, it ultimately grew into independence. Ijuter still, 
when the poem liad been ditferentiated into e|)ic and 
lyric — when it became the cmstoin to wsing tlie lyric and 
recite the epic — •poetry proper was born. As during tlie 
same period musical instruments were being multiplied, 
wo may presume tliat music came to have an existence 
apart from words. And botli of tliom were l)egirining to 
assume other forms besides tlie religious. Facts having 
like implications might bo cited from the liistories of later 
times and peoples; as the practices of our own early min- 
strels, who sang to the Iiarp heroic narratives versified by 
themselves to music of their own corn])osi tion : tlrus ii n i ting 
the now separate offices of poet, composer, vocalist, and in- 
strumentalist. But, without fiirtlier illnstralion, iJic com- 
mon origin and gradual ditrerentiat.ion of Dancting, I^)^^t^y, 
and Music will be sufficiently manifest. 

Tlie advaaico from the homogeneous to the lict(;rag(‘n(!on8 
is displayed not only in tlie sejiaratiou of these arts from 
each other and from religion, but also in tlie iniiltiplied, 
diifereiitiatioiiB which each of them afterward undcu’goes. 
Hot to dwell upon tlie numberless kinds of daneing that 
have, in course of time, come into use; and not to oecaijiy 
space in detailing the progress of poetry, us seen in the de- 
velopment of tlie various forms of metre, of rhyme, and of 
general organization; let us confine our attention to music 
as a ty|)(3 of tlic group. As argued by Dr. Burney, and as 
imiilied by the customs of still ext-ajit barbarous raei*s, the 
first musical instruments were, wiihout d<uibt, percussive- 
sticks, calabaslies, tom-toms — and were used simidy to 
mark the time of tlio dance; and in tliis consiajit re]Hd itioii 
of the same sound, wo see music in its most homoge- 
neous form. ■ The ligyptiaus hail a lyre witli three strings. 
The early lyre of the. Greeks hud four, constituting their 
tetrachord. In course of some centuries lyres of sevmi ami 
eight strings were employeiK And, by tlio i*x|iiraiion of a 
tliousaiid years, tliey Inui advaiu^ed tii t,hejr*'gr<ia.t, H 3 \sti.;m’' 
of the doifhle octave. Through all whieh ehanges fiiere of 
.course arose a greater heterogeneity of .melody. Hiniul- 
taneously th(U‘o came into use the different modes— l:)(i.riaii, 

Ionian, Phrygian, /Eolian, and Lydian -answering to ' our 

keys:,, and oi* tlicise there were ultiniately fifteen.'' As yoL 
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however, there was but little heterogeneity in the time of 
their music. Instrumental music during this period being 
merely the accompaniment of vocal music, and vocal mu- 
sic being completely subordinated to words; the singer be- 
ing also the poet, chanting his own compositions and 
making the lengths of his notes agree with the feet of his 
verses — there unavoidably arose a tiresome uniformity of 
measure, which, as Dr. Burney says, “ no resources of mel- 
ody could disguise.’' Lacking the complex rhythm ob- 
tained by our equal bars and unequal notes, the only rhythm 
was that produced by the quantity of the syllables, and was 
of necessity comparatively monotonous. And further, it 
may be observed that the chant thus resulting, being like 
recitative, was much less clearly dillerentiated from or- 
dinary speech than is our modern song. Nevertheless, 
considering the extended range of notes in use, the variety 
of modes, tlie occasional variations of time consequent on 
ehaiigcs of metre, and the multiplication of instruments, 
we see that music had, toward the close of Greek civiliza- 
tion, attained to considerable heterogeneity: not indeed as 
compared with our music, but as compared with tliat which 
preceded it. As yet, however, there existed nothing but 
melody: harmony was unknown. It was not until Chris- 
tian church-music had reached some development, that 
music in parts was evolved; and then it came into existence 
through a very unobtrusive differentiation. Difficult as 
it may be to conceive, a priori^ how the advance from 
melody to harmony could take place without a sudden leap, 
it is none tlie less true that it did so. The eircumstanee 
which prepared the way for it was the employment of two 
choirs singing alternately the same air. Afterward it be- 
came the practice (very possibly lirst suggested by a mis- 
take) for the second choir to commence before the first had 
ceased; thus producing a fugue. With the simple airs 
tlien in use, a partially harmonious fugue miglit not im- 
probably thus result; and a very partially harmonious 
fugue satisfied the ears of that age, as know from still 
preserved examples. TI)e idea having once been given, 
the composing of airs productive of fugal harmony would 
naturally grow up; as in some way it did grow up out 6t 
this alternate choir-singing. And from the fugue to con- 
certed music of two, three, four, and more parts, the traric 
sition was easy. Without pointing out in detail the in- 
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creasing complexity that rcvsultecl from introducing jiotes 
of various lengths, from tlic multiplication of keys, from 
the use of accidentals, from varieties of time, from modu- 
lations and so forth, it needs but to contrast music as it. is 
with music as it was, to see how immense is tine increase of 
heterogeneity. We see this if, looking at music in its 
ensemble^ we enumerate its many ditTerent genera and 
species — we consider the divisions into vocal, instruimm- 
tal, and mixed, and their subdivisionsintomusicfor dilTer- 
ent voices and different instruments — if we observe tlic many 
forms of sacred music, from the simple hymn, the chant, 
the canon, motet, anthem, etc., up to the oratorio; and 
the still ixiore numerous forms of secular music, from the 
ballad up to the serenata, from the instrunumtid solo uj) to 
the symphony. Again, the same truth is s.*en on (Mimpar- 
ing any one sample of aboriginal music with a sjuniduof 
modern music — even an ordinary song for tlic piano ; wliii !i 
we find to bo relatively Inglily licterogeneous, not only in 
respect of tlie varieties in the jfitcdi and in tlie^ length of 
the notes, the number of diiferent notes sounding a,t the 
same instant in eom|)uny with the voicu*, a.nd the varia- 
tions of strength with, wiiieli tliey arc sounded and sung, 
but in respect of the changes of key, the changes of time, 
the changes of timbre of tlie voice, a.nd tlie many oilier 
modifications of expression. WliMe between the old mo- 
notonous dance-chant and a grand ojiera of our own clay, 
with its endless orcliestral complexities and V(H;a,l combi mi- 
tions, tlic contrast in lieterogeneity is so extreme that it 
seems scarcely credible that the one should have been tlie 
ancestor of the other. 

§120. Were they needed, many further illustrations 
might be cited, doing back to the early time when tlie 
deeds of the god-king, chanted and mimetically reprt.p‘nt(*d 
in dance round his altar, wore furtlier narnited in jucturti- 
writings on tlie walls of temples and jiuhuu s, and so eon- 
Btituted a rude literature, we might truifc tlui <liivel<>pinent 
of Literature tlirough pliusi^s in wiiiidi, as in tJie Immnv 
Soriiiturfis, it presents in one work iJundogy, (a>sinogony, 
liistory, biogra.phy, civil law, ethiiis, iioetry rthrongb other 
phases in which, as in the Iliad, the religious, martial, 
liistorical, tlie ejiic, dramatic, and lyric oUmientB aro Bim- 
' liar ly , commingled;, down, to . its present, lieterogcneous 
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development, in wliioli its divisions and subdivisions are so 
numerous and varied as to defy complete classification. 
Or we might track the evolution of science: begimiirig 
with the era in which it was not yet differentiated from 
Art, and was, in union with Art, the handmaid of Eeligion; 
passing through the era in which the sciences were so few and 
rudimentary as to be simultaneously cultivated by the same 
philosophers; and ending with the era in which the genera 
and species are so numerous tliat few can enumerate them, 
and no one can adequately grasp even one ^enus. Or we 
might do the like with Architecture, witla the Drama, with 
Dress. Ikit doubtless the reade r is already weary of illnstra- 
tioiis; and my promise has been amply fulfilled. I believe 
it has been sliown beyond question that that which tlie 
German physiologists liave found to he a law of organic 
development is a law of all development. Tlie advance 
from the simple to the complex, through a process of suc- 
cessive dillerentiatious, is seen alike in the earliest clianges 
of the Universe to which we can I'eason our way back, and 
in the earliest clianges 'which we can inductively establish ; 
it is seen in the geologic and climatic evolution of the 
Eartli, and of every single organism on its surface; it is 
seen in the evolution of Humanity, whether contemplated 
in the civilized individual or in the aggregations of races; 
it is seen in tlie evolution of Society, in respect alike of its 
political, its religious, and its economical organization; 
and it is seen in the evolution of all those endless concrete 
and abstract products of human activity which constitute 
the environment of our daily life. From the remotest past 
which Science can fatliom, up to the novelties of yesterday, 
an essential, trait of Evolution has been the transformation 
of the homogeneous into the heterogeneous. 

§ 127. Hence, the general formula arrived at in the lust 
chapter needs supplementing. It is true that Evolution, 
under its primary aspect, is a'change from a less coherent 
form to a more eoliorent form, consequent on the dissi- 
pation of motion and integration of matter; but this is by 
no means the whole truth. Along with passage from the 
coherent to tlio iiKioherent, there goes on a passage from 
the uniform to the multiform. Such, at least, is the fact 
wherever Evolution is compound; which it is in the im- 
mense majority of cases. While there is a progressing con- 



804 


FIEST PBINOTPLEB. 


ceBtration'of, the aggregate, ■either by the cloacir 'approach 
of the matter within itB limits, or by the drawing in of 
further matter, or by both; and while the more or less 
distinct parts into wiiicli tlu; aggregate divides and sub- 
divides are severally concentrating; tliese parts are also tie- 
coming nnlike — iirdike in size, or in form, or in texture, 
or in composition, or in several or all of these, l^he same 
process is exhibited by tlie wliole and by its mcrribers; 
The entire mass is integrating, and simnltaiieonsly dill’er- 
entiating from other masses; and eacli memlier of it is 
also integrating and simnltaneously differentiating from 
■otlier 'members. 

Gar conception, then, must nnite these cliaracters. As 
we now understand it, Bvolntion is definal>le a.s a, change 
from an incolierent liomogeneity to a colierent heteroge- 
neity, accompanying the dissipation of motion and integra- 
tion of matter. 


VllAVTKll XVL 

THE LAW OF EVOLITTION (’OXT! N inH). 

§128. But now, does this generalization express the 
whole truth? Does it inchule everytliing essentially char- 
acterizing Evolution, and ex(diides every tiling else? , Does 
it compi^eiiC3nd all the phenomena of Becomlary redistribu- 
tion whiidi (J()m|)(>urid Evolution presents, without com- 
prelionding any other idienomcma? A criticid exa.minafcion 
of the facts will show tluit it does niiitln^r. 

Changes from the less ]K‘ttu‘og(*neous to tlie mon\ hetero- 
geneous, which do not come within what we call Evriluiitm, 
occur in every local disease. A portion of tlie body in 
whieli there arises a morbid growtli displays anew diller- 
ontiation. Wlietlicr this morbid growtii be, or be not, 
more heterogeneouB than the tissues in which it is seated, 
is not the question. Tim question is, whetlier the or- 
ganism as a 'whole is, oris not, rendered morc^ hid:f3rog(;iieoiis 
■by the addition of a part unlike every pre-existing part, in" 
forr'U, or composition, or both. And to'" t'liis (jiiegiion tliere 
■can be none but an affirmative answer* ■ Again,, it may be 
cxmtcuHled' that the^ earlier stages, , of d'acompositioii in a' 
dead body involve increase' of heterogeneity. ; tSupposing' 
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the chemical changes to commence in some parts sooner 
than in other parts, as they commonly do ; and to affect 
different tissues in different ways, as they must; it seems 
to he a necessary admission that the entire body, made up 
of undecornposed parts, and parts decomposed in various 
modes and degrees, lias become more heterogeneous than 
it was. Though greater homogeneity will bo the eventual 
result, the immediate result is the opposite. And yet this 
immediate result is certainly not Evolution. Other in- 
stances are furnished by social disorders and disasters. A 
rebellion, which, while leaving some provinces undisturbed, 
develops itself hero in secret societies, there in public dem- 
monstrations, and elsewhere in actual conflicts, necessarily 
renders the society, as a whole, more heterogeneous. Or 
when a dearth causes commercial derangement with its 
entailed bankruptcies, closed factories, discharged oper- 
atives, food-riots, incendiarisms; it is manifest that, as a 
large part of the community retains its ordinary organiza- 
tion displaying the usual plienomena, these new phenom- 
ena must be regarded as adding to the complexity previously 
existing. But such changes, so far from constituting fur- 
ther Evolution, are steps toward Dissolution. 

Olearly, then, the definition arrived at in the last chap- 
ter is an imperfect one. The clianges above instanced as 
coming within the formula as it now stands are so ob- 
viously unlike the rest that the inclusion of them implies 
some distinction hitherto overlooked. Such further dis- 
tinction wo have now to supply. 

§ 129. At the same time that Evolution is a change from 
the homogeneous to the heterogeneous, it is a change from 
the indefinite to the definite. Along with an advance 
from simplicity to complexity, there is an advance from 
confusion to order — from undetermined arrangement to 
determined arrangement. Development, no matter of what 
kind, exliibits not only a multiplication of unlike parts, 
but an increase in the distinctness with which these parts 
are marked off from one another. And this is the distinc- 
tion sought. For proof, it needs only to reconsider tlie 
instances given above. The changes constituting disease 
have no such definiteness, either yi locality, extent, or out- 
line, as the clianges constituting development. Though 
certain morbid growths are more common in some parts of ^ 
^ 20 , ' 
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tlie body tlian in others (as warts on the hands, cancer on 
the breasts, tubercle in the lungs), yet tliey are not con- 
fined to these parts; nor, when iound on them, are tliey 
anything like so precise in their relative positions as are 
the normal parts around them. Their sis^es are extremely 
variable: they bear no such constant proportions to tho 
body as organs do. Their forms, too, are far less specilie 
than organic forms. And tliey are extremely contused in 
their internal structures. That is, they are in all respects 
eniriparatively iiulefhiite. The like peculiarity may be 
traced in decomposition. That total indeliniteness to which 
a dead body is finally reduced is a state toward wliich the 
putrefactive changes tend from their coniniciKUiiru^iik d'ho 
advancing destruction of the organic com}K)un(Is blurs tho 
minute structure — diminislios its distinctuess. Fi’om the 
portions that have undergone most decay, there is a grad- 
ual transition to tlic less decayed portions. And st(>|) liy 
step the lines of organi^iation, once so precise, disa|)pear. 
Similarly with social cliaiiges of an aimormal kind. Tlio 
disaffection which initiates a political outbreak implies a 
loosening of those tics by whicli citizens are bound u]) into 
distinct classes and subclasses. Agitation, growing into 
revolutionary meetings, fuses ranks that are usually sep- 
arated. Acts of insubordination break tlironglr the or- 
dained limits to individual conduct, and tend to oliliterato 
the Tines previously existing between those iti autliority 
and those beneath them. At the same time, l)y tlie arrtNsfc 
of trade, artisans and others lose their occnipations, a,nd, in 
ceasing to bo functionally distingn island, merge into am 
indofinite mass. And when at last there comes jiositive 
insurrection, all magisterial and oflicial powt^rs, all clasB 
distinctions, and all industrial differences cease: orgariiztid 
society lapses into an unorganized aggregation of social 
units. famines and |>cstilcnces 

■cause changes from order toward disordijf, tiny (:?auBo 
changes from definite arrangexnents to indeiinitc? arrange- 
ments. 

Thus, tlien, is that increase of heterogeneity wlihdi 
stitutes Evoltition distingui^lied from tliat inctreastf of het- 
erogeneity wliich does not do so. ixi dlseaHC and 

death, individual .or, socigl, 'the earlicBt inodifumtionS' arc 
additions to the pre-existing , lietcrogenaity, they are not, 
.additions to, the pre-existing, definiteness/ '■■They beg^in. 
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from tlie very outset to destroy this definiteness, and grad- 
ually produce a heterogeneity tluit is indeterminate instead 
of determinate. As a city, already multiform in its va- 
riously arranged structures of various architecture, may be 
made more multiform by an earthquake, which leaves part 
of it standing and overthrows other parts in different ways 
and degrees, but is at the same time reduced from ox'derly 
arrangement to disorderly arrangement; so may organized 
bodies be made for a time more multiform by changes 
which are nevertheless disorganizing changes. And in the 
one case as in another, it is the absence of definiteness 
which distinguishes tlie multiformity of regression from the 
multifoxmiity of progression. 

If advance from the indefinite to the definite is an es- 
sential characteristic of Evolution, we shall of course find 
it everywhere displayed; as in the last chapter we found 
the advance from the homogeneous to tlie heterogeneous. 
With a view of seeing whether it is so, let us now recon- 
sider the same several classes of facts. 

§130. Beginning, as before, with a hypothetical illus- 
tration, we have to note that each step in the evolution of 
the Solar System, supposing it to have originated from dif- 
fused matter, was an advance toward more definite struc- 
ture. At first irregular in shape and with indistinct 
margin, the attenuated substance, as it concentrated and 
began to rotate, must liave assumed the form of an oblate 
spheroid, wliicli, with every increase of density, became 
more specific in outline, and had its surface more sharply 
marked off from the surrounding void. Simultaneously, 
the constituent portions of nebulous matter, instead of 
moving independently toward their common centre of 
gravity from all points, and revolving round it in various 
planes, as tlicy would at first do, must have had these planes 
more axid more merged into a single plane, that became 
less variable as the concentration progressed — became grad- 
xxally defined. 

According to^ the bypothesis, change from indistinct 
characters to distinct’ ones was repeated in the evolution 
of planets and satellites, and may in them bo traced much 
further. A gaseous spheroid is less definitely limd ted than 
a iiiiid spheroid, since it is subject to larger and more rapid 
undulations of surface, and to much greater distortions of 
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general form; and, similarly, a liquid splieroid, covered as 
it must be with waves of various iruignitiides, is less dellni te 
than a solid spheroid. The decrease of obluteness that 
goes along with increase of integration brings relative def- 
initeness of other elements. A planet having an axis in- 
clined to the plane of its orbit must, wlvile its form is very 
oblate, have its plane of rotation much disturbed by the 
attraction of external bodies; whereas its approach to a 
splicrical form, involving a smaller ]>reccssional motion., 
involves less marked variations in the direction of its axis, 

Witli progressing settlement of the space-relations, tlic 
force-relations simultaneously become more setthKl. 
exact calculations of pliysical astronomy sIioav us bow deli- 
nito these force-relations now are; while ilieir original in- 
deliniteness is inr|)Iied in tlie extreme (niliculty, if not 
imjjossibility, of subjecting the nebular hypotliesis to 
mathematical treatment. 

§ 131. From that primitive molten state of the hlartli 
inferable from geologicahdata — a sta-tc accountt*.*! for by 
the nebular liypothesis, but inexplicable on any o(.lior~the 
transition to its existing state has been tli rough stages in 
which the cliaraotcrs became more determinate, baxsithis 
being comparatively unstable in surface and contour, a li- 
quid spheroid is less speciiic than a solid spheroid in having 
no fixed distribution of parts, (hirrents of molten matter, 
though kept to certain general (.dreuits by the conditions 
of cqui]il)rium, cannot, in the abscuuui of solid boundaries, 
be precise or permanent in their directions: ail parts must 
bo in motion witli respect to other parts, liut a. super- 
ficial Holidification, even tlioiigli j)artia!, is manifestly a 
step toward the cstabliKh merit of definite redations of posi- 
tion. In a thill enlist, lu>w(nu5r, fre(|n(u riiptu red iiy 
disturbing forces, and moviul by every ticlal undulation, 
fixity of relative |)ositioii can be Imt temporary. Only as 
tlic crust thickens can tlurrc arise flistinci and settled 
geograpliicial relations. Observe*, too, tha t when, on a sur- 
face tli at has (iHiled to the nijuisite degree, ihewe b(*gins 
to precipitate t»lu) water floating uIkjvc as vapor, tlu‘ <ie- 
posits iiinnot maintain any definitemms eithm* of state or 
■place. Failing on a solid envelope not tliick enoiigli to 
preserve anything,, beyond ■si iglit' variations of level, tlio 
water must form shallow pools over ■ureas siifficiently cool 
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to permit condensation; whicli areas must pass insensibly 
into others that are too hot for this, and must themselyes 
from time to time be so raised in temperature as to drive 
olf the water lying on them. AVith processing refrigera- 
tion, however — with a growing thickness of crust, a con- 
sequent formation of larger elevations and depressions, and 
the precipitation of more atmospheric water — there comes 
an arrangement of parts that is comparatively fixed in both 
time and space ; and the definiteness of state and position 
increases, until there results such a distribution of conti- 
nents and oceans as we now see — a distribution that is not 
only topograpliically precise, but also in its cliff-marked 
coast-lines presents divisions of land from water more defi- 
nite than could have existed when all the uncovered areas 
were low islands with shelving beaches, over which the 
tide ebbed and flowed to great distances. 

Eespectiiig the characteristics classed as geological, we 
may draw parallel inferences. • AVliile the Earth’s crust was 
thin, mountain-chains were impossibilities: there could 
not have been long and well-defined axes of elevation, with 
distinct water-sheds and areas of drainage. Moreover, the 
denudation of small islands by sma,ll rivers, and by tidal 
streams both feeble and narrow, would produce no clearly 
rmirked sedimentary strata. Confused and varying masses 
of detritus, such as wc now find at the mouths of brooks, 
must have been the prevailing formations. And ' these 
could give place to distinct strata only as there arose con- 
tinents and oceans, with their great rivers, long coast-lines, 
and wide-spreading marine currents. 

How there must simultanoously have resulted more de- 
finite meteorological cliaraeters need not be pointed out in 
detail Tliat differences of climates and seasons grew re- 
latively decided as the lieat of the fSun became distinguish- 
able from the proper heat of the Earth, and that the 
production of more specific conditions in each locality was 
aided by increasing permanence in the distribution of 
lands and seas, are conclusions sufficiently obvious. 

§ 132 . Let us turn now to the evidence furnished by or- 
ganic bodies. In place of deductive illustrations like the 
foregoing, we shall hero find numerous illustrations which 
have been inductively established, and are therefore less 
open to criticism. The process of mammalian develop- 
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xaeBt, for exiimple, will supply iis witli niimerons proofs 
ready described by etnbryologists. 

The firvst clumge wliicli the ovum of a mammal undergoes 
after continued segmentation has reduced its yelk to a 
mulberry-like mass, is the appearance of a greater definite- 
ness in the peripheral cells of this mass, eacli of wliicli 
acquires a dis fci net enveloping membrane. Tliese peri phcral 
ceils, vaguely distinguished from the internal ones by their 
minnter subdivision, as well as by their greater complete- 
ness, coalesce to form the blastoderm or gernunal mem- 
brane* Presently, one portion of this membrane is ren- 
dered unlike the rest by the accumulation of cells still more 
subdivided, which, togetlior, form an opaque roundish 
spot. This area as it is called, shades oil: 

gradually into the surrounding parts of the l)lastoderm; 
and the subsoqucntly formed in tlie midst 

of it, is similarly without precise margin. Tlie “ primi- 
tive trace,’’ which makes its appearance in the centre of 
the fcrm and is the rudiment of tlmt vertebrate 

axis which is to be the fimdamental characteristic of the 
mature animal, is shown by its name to be at first indcli- 
nite— a mere trace, beginning as a shallow groove, it 
becomes slowly more pronounced: its sides grow higher; 
their summits overlap, and at last unite; and bo tlie in- 
definite groove passes into a definite tube, forming the 
vertebral canal. In this vertebral canal tlio leading divis- 
ions of the lirain are at first diseernilfie only as sliglit 
bulgings; while the vortebne commeMcc iis Viiidisbinct 
modifications of tlio tissue bounding the <^ajuil Hirnul- 
taneously, the outer surface of the blasLoderm lias lieeii 
differentiating from the inner surface: tliere has arisen a 
division into tlie serous and miKious la}airs~a. <li at 
the outBOt indistinct, and traceable only about the germinal 
area, but which insensibly spreads throughout nearly the 
whole germinal membrane, and liecomes definite. From 
the mucous layer, the development of the alimenta.ry aumil 
proceeds as that of the vertebral canal doesfriun tlicf serous 
layer. Originally a simple cluuniel along ilic under-surface 
of tlie embijonic mass, the inbmtine is reiulered distiiud 
by the bending down, on eacli Ki<Ie, of ridges wliudi finally 
Join to form a tiil)e-—the pernianeiit almoriiiiig surfa(tcris liy 
■degrees cut off from that temporary absorbing surface with 
which it was continuous and uniform* And in an analo- 
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gonB manner tlie entire embryo, ^vliieh. at first lies outspread 
on the yelk-sack, gradually rises up from it, and by the 
infolding of its ventral region becomes a separate mass, 
connected with tlie yelk-sack only by a narrow duct. 

These changes through which the general structure is 
marked out with slowly increasing precision, are paralleled 
in the evolution of each organ. The heart begins hs a 
mere aggregation of cells, of which the inner liquefy to 
form blood, while the outer are transformed into the walls ; 
and when thus sketched out the heart is indefinite not 
only as being unlined by limiting membrane, but also as 
being little more than a dilatation of the central blood- 
vessel. By and by the receiving portion of the cavity be- 
comes distinct from the propelling portion. Afterward 
there begins to grow across the ventricle, a septum, which 
is, however, some time before it shuts of! the two halves 
from each other; while the later-formed septum of the 
auricle remains incomplete during the whole of foetal life. 
Again, the liver commences by multiplication of certain 
cells in the wall of the intestine. The thickening pro- 
duced by this multiplication “increases so as to foinn a 
projection upon the exterior of the canal and at the same 
tirne that the organ grows and becomes distinct from the 
intestine, tlie channels running through it are transformed 
into ducts having clearly-marked walls. Similarly, certain 
cells of the external coat of the alimentary canal at its 
xrpper portion accumulate into lumps or buds, from which 
the lungs are developed; and these, in their general out- 
lines and detailed structure, acquire distinctness step by 
step. 

Changes of this order continue long after birth ; and, in 
the human being, are some of them not completed till 
middle life. During youth, most of the articular surfaces of 
the bones remain rough and fissured — the calcareous deposit 
ending irregularly in the surrounding cartilage. But be- 
tween puberty and the age of thirty these articular sur- 
faces are finished off into smooth, hard, sharply-cut “ epi- 
physes.'' Generally, indeed, we may say that increase of 
definiteness continues when there has ceased to be any ap- 
preciable increase of bctcrogenoity. And there is reason 
^ to think that those modifications whieh take place after 
maturity, bringing about old age and death, are modifica- 
tions of tlxis nature; since they cause rigidity of structure, 
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a conBequent restriction of movement and of functional 
pliability, a gradual narrowing of tbe limits witlnn which 
the vital processes go on, ending in an orgaaiic adjustment 
too precise — too narrow in its margin of possible variation 
to permit the requisite ada|)tation to clianges of external 
conditions. 

§ 133. To prove that the Eartli’s Flora and Fauna, re- 
garded either as wholes or in their separate species, have 
progressed in definiteness, is no more possible tlian it was 
to prove that they have progressed in heterogeneity : lack 
of facts being an obstacle to the one conclusion as to the 
other. If, liowevor, wo allow ourselves to reason from tlie 
hypothesis, now daily rendered more prol)al)le, tliat cn'cry 
species up to the most complex has a, risen out of tlie sim- 
plest through the a^ccumulation of modificai/ions upon 
modifications, just as every individual arises, we sliall see 
that tliere must luive lieen a jirogress from the indetermi- 
nate to the determinate, both in the particular forms and 
in the groups of forms. 

We may sot out with the Bignifieant. fact the lowest 
organisms (wliieh arc analogous in strue.tur(3 to i,lie germs 
of all higher ones) have so little deihuteness of character 
that it is difficult, if not impossible, to deende wlieiher 
they are plants or animals. Hespecting sundry of them 
there are unsettled disputes between zoologists and bota- 
nists; and it is proposed to group them into a soparfito 
kingdom, forming a. common basis to the animal and 
vegetal kingdoms. Noitj next tiiat, junong the ProUmm^ 
extreme indeiiniteness of shape is geiujrah In sundry 
shelWess Khizopods the form is so irregular as to admit of 
no description; and it is neiilier alike in any two iinlivid- 
uals nor in the same individual at Buccessive nnunents. I^y 
aggregation of sueli creatures are j-iroduced, antong oI.Ihu* 
indefinite bodies, the Sponges-— bo<iies tliai are indefinite 
in size, in contour, in internal arrangement,. As further 
showing how relatively indeterminatts arts the Himpl(‘st 
organisms, it may be mentioned that tlieir siriHiiures vary 
grciatiy witli surrounding coiiditioim—so inucdi so tluit, 
aniong the Frafmoa and PnUop/ii/faj many forms wliich 
wore once elassed as distinct species and even as distiiiet 
genera, are found to be merely varieties' of one sfiecieB, If 
noW'We.call to. mind 'how precise in their. attribute».ar 0 tlie 
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highest organisms— how sharply cut their outlines, how 
invariable their proportions, and how comparatively con- 
stant tlieir structures under changed conditions, cannot 
deny that greater definiteness is one of their characteristics* 
We must admit that if they have been evolved out of lower 
organisms, an increase of definiteness has been an accom- 
paniment of their evolution. 

That, in course of time, species have become more 
sharply marked of! from other species, genera from genera, 
and orders from orders, is a conclusion not admitting of a 
more positive establisliment than the foregoing; and must, 
indeed, stand or fall with it. It, however, species and 
genera and orders have arisen by “natural selection,'' then, 
as Mr. Darwin shows, there must have been a tendency 
to divergence, causing the contrasts between groups to be- 
come greater. Disappearance of intermediate forms, less 
fitted for special spheres of existence than the extreme 
forms they connected, must have made the diferences 
between the extreme forms decided ; and so, from indis- 
tinct and unstable varieties, must slowly have been pro- 
duced distinct and stable species — an inference which is 
in harmony with what we know respecting races of men 
and races of domestic animals. 

§ 134. The successive phases through which societies 
pass very obviously display the progress from indetermi- 
nate arrangement to determinate arrangement. A wander- 
ing tribe of savages, being fixed- neither in its locality nor 
in its internal distribution, is far less definite in the relative 
positions of its parts than a nation. In such a tribe the 
social relations are similarly confused and unsettled. 
Political authority is neither wcirestablished nor precise. 
Distinctions of rank are neither clearly marked nor im- 
passable. And save in the different occupations of men 
ami women, tliere are no complete industrial divisions. 
Duly in tribes of considerable size, which have enslaved 
other tribes, is the economical differentiation decided. 

Any one of these primitive societies, however, that 
evolves, becomes step by step more specific* Increasing 
in size, consequently ceasing to be so nomadic, and re- 
stricted in its range by neighboring societies, it acquires, 
after prolonged border warfare, a settled territorial bound- 
ary. The distinction between the royal race and the 
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people eventually amounts, in the popular ap|)relienRion, 
to a (lilierence of nature. The warrior class attains a 
perfect separation from ehisses devoted to the ciiliivation 
of the soil, or other occupations regarded as servile. And 
there arises a priesthood that is deiincd in its rank, its 
functions, its privileges. This sliarpness of delinition, 
growing both greater and more variously exemplified as 
societies advance to maturity, is extreniest iu those that 
have reached their full development or are declining. Of 
ancient Egypt wo read that its social divisions were pre- 
cise and its customs rigid. Recent investigations make it 
more than ever clear that, among the Assyrians and sur- 
rounding peoples, not only were tlie laws unalterable, hut 
even the minor habits, down to those of domcisbic roiiiine, 
possessed a sacrcdness which insur^Ml their pernuiiieuce. 
In India, at tlie present day, the iiiifdiangeable disiiiurtions 
of caste, not less than the cousiaucy in mod(‘S of dress, 
industrial procjcsses, and religious oliservancc'S, sliow us 
how fixed are the arrangements where the antir|uity is 
great. Nor does Oliina, with its long-settled |>oliti(;a:l 
organii^ation, its elaborate and preeiso conventions, ami its 
uimrogressive literature, fail to exemplify the sjime truth. 

The successive phases of our own and adjticent so(doticiB 
furnish facts somewhat different in kind but similar in 
meaning. Originally, monarcluicul autliority was more 
baronial, and baronial authority more monarcliical, than 
afterward. Botweeti modern priests and tlie ])ri(%sts of ohl 
times, who, wliile officially teachers of ndigion, also 
warriors, judges, architects, tlierci is a mark(td difference 
in delmitcness of function. And anmng tim pcjoplo en- 
gaged in produetive ocMnipations, tlie like eonfrasts would 
be found to hold; the indusf,rial class luis bec.ome more 
distinct from the military, and its various divisions from 
one another. A history of our constitution, remintling us 
liow the powers of King, Lords, and (knnmoiis liave lH‘eii 
gnidually settled, would <dearly exhibit analogous clianges. 
(voiinthiss facts bearing tlie like construction would meet 
us were we to tra(,te tin*- ilevelopment of h'^gislatJon, iu Lm 
■sneeessivtr stages of whicth we should iiml statut.es gradually 
rendered mor(3 speeiffc in tlndr apidieations to particular 
nases. Even now wo^ see that each new law, begiiiniiig 
..as a vague^ proposition, is, .in the (anirse of . enfictment, 
elaborated into specific clauses; and further .that only after 
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its interpretation lias been established by judges’ decisions 
in courts of justice does it reach its final definiteness* 
From the annals of minor institutions like evidence may 
be gathered. Eeligious, charitable, literary, and all other 
societies, starting -with ends and methods roughly sketched 
out and easily modifiable, show us how, by the accumu- 
lation of rules and precedents, the purposes become more 
distinct and the modes of action more restricted, until 
at last decay follows a fixity which admits of no adapta- 
tion to new conditions. Should it be objected that among 
civilized nations there are examples of decreasing definite- 
ness (instance tlie breaking down of limits between ranks), 
the reply is, that such apparent exceptions are the accom- 
paniments of a social metamorphosis — a change from the 
military or predatory type of social structure to the indus- 
trial or mercantile type, during which the old lines of 
organization are disappearing and the new ones becoming 
more marked. 

§ 135. All organized results of social action, all super- 
organic structures, pass through parallel phases. Being, 
as they are, objective products of subjective processes, they 
must display corresponding clianges; and that they do this 
the cases of Language, of Science, of Art, clearly prove. 

Strike out from our sentences everything but nouns and 
verbs, and there stands displayed the vagueness charac- 
terizing undeveloped tongues. When we note how each 
inflection of a verb, or addition by which the case of a 
noun is marked, serves to limit the conditions of action or 
of existence, we see that these constituents of speech enable 
men to communicate their thoughts more precisely. That 
the application of an adjective to a noun or an adverb to 
a verb narrows the class of things or changes indicated, 
implies that the additional word serves to make the propo- 
sition more distinct. And similarly with other parts of 
speech. 

The like effect results from the multiplication of words 
of each order. When the names for objects, and acts, and 
qualities, are but few, the range of each is proportionately 
wide, and its meaning therefore unspecific. The similes 
and metaphors so much used by aboriginal races indirectly 
and imperfectly suggest ideas, which they cannot express 
directly and perfectly from lack of words. Or, to take a 
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case from ordinary life: if we compare the speecli of the 
peasant, who, out of iiis limited vocabulary, can describe 
the contents of the bottle lie carries only as “doctor’s 
stuff,” which lie has got for his “sick” wife, with the 
speech of the physician, who tells those educated like him- 
self the particular composition of tlie medicine, and the 
particular disorder for whicli he has prescribed it, we have 
vividly brought home to us tlio precision whicli language 
gains by the multiplication of terms. 

Again, in the course of its evolution, eacli tongue ac- 
quires a further accuracy through processes whicli fix the 
meaning of each word. Intellectual intercourse slowly 
diminishes laxity of exprevssiom By and by dictionaries 
give definitions. And eventually, among the most culti- 
vated, indeflnitenoss is not tolei'uted, cither in tlic terms 
used or in their grajirmatical comliinations. 

Once more, langnagcs coTisid(;rcd as wliohss liecomo 
gradually more sliaridy markcal oiT from one fmoilim’, and 
from tluur conmiou jiarent; as witness, in early times, the 
diyergonco from tlie same root of two langmigi^s so iniliki^ 
as Greek and Latin, and in later times the (hnidopnumt of 
three Latin dialects into Italian, Brcnclj, and Hpanisln 

§ 136. In his “History of the Inductive Bciences,” Dr. 
Who well says that the Greeks failed in pliysical pliilosophy 
because their “ ideas were not distinct and appro|)riate to 
the facts. ” ,I do not (|note th is remark for i ts 1 urn inousness, 
since it would be erpuiliy pro|)er to ascrilie the indistimd- 
ness and iiiap))roprijitciu,‘ss of their i<lcus to i he iiniHirfeo 
tion of their physical philo.so[)hy; Imt I ({uote it because 
it serves as good evidence of tlie indeliniteness of [iriniitive 
science. The same work and its fellow on “l!he Philoso- 
phy of the Inductive Scieiujes” supply other evi(l(rn(‘(?s 
equally good, because ecpuilly indepemdent of any such 
liypothcsis as is here to he establisluid. I(as[)iu!(mig*nuithe- 
inatias, we have tlie fa(;t that geonu^trical tluairtuns grenv 
out of empirical methods; and that tliese tlieorems, at first 
isolated, did. not acquire the clearnesH wliich completa 
demonstration .gives until tlu^y were arra.nged by Euclid 
into,' a series of dependent propositioim. At a later iieriisl, 
■the saine general trutli ■ was exem|)lil!efl in ilie |>rogresB 
from, the “metliod of .exhaustions” and the “mefcliod of 
indivisibles” to tlio “mctho(.lof limits”— which is the cen-^ 
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tral idea of tlie infinitesimal calculus. In early meclianics, 
tCo, may be retraced a dim perception that action and re- 
action are equal and opposite; though, for ages after, this 
truth remained unformiilated And, similarly, the property 
of inertia, though not distinctly comprehended until Kepler 
lived, was vaguely recognized long previously. “ The con- 
ception of statical force” “ was never presented in a distinct 
form till the works of Archimedes appeared;” and “the 
conception of accelerating force was confused in the mind 
of Kepler and his contemporaries, and did not become clear 
enough for purposes of sound scientific reasoning before the 
succeeding century,” To which specific assertions may be 
added the generai remark, that “ terms which originally, 
and before the laws of motion were fully known, were used 
in a very vague and fluctuating sense, were afterward 
limited and rendered precise.” When we turn from ab- 
stract scientific conceptions to the concrete previsions of 
science, of which astronomy furnishes numerous examples, 
a like contrast is visible. The times at which celestial 
phenomena will occur have been predicted with ever-in- 
creasing accuracy. Errors once amounting to clays are 
now diminished to seconds. The correspondence between 
the real and supposed forms of orbits has been gradually 
rendered more precise. Originally thought circular, then 
epicyclical, then elliptical, orl)its are now ascertained to 
bo curves, wliich always deviate from perfect ellipses, and 
are ever undergoing changes. 

But the geiieral advance of Science in definiteness is 
best shown by the contrast between its qualitative stage 
and its quantitative stage. At first the facts ascertained 
were, that between such and such phenomena some connec- 
tion existed — that the appearances a and b always occurred 
together or in succession; but it was known neither what 
was tlio nature of the relation between a and §, nor how 
much of a accompanied so much of b. The development 
of Science has in part been the reduction of these vague 
connections to distinct ones. Most relations have been 
classed as mechanical, chemical, thermal, electric, mag- 
netic, etc. ; and wo have learnt to infer the amounts of the 
antecedents and consequents from each other with exact- 
ness. Of illustrations, some furnished by physics have 
been given, and from other sciences plenty may be added. 
We have positively ascertained the constituents of numer- 
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om compounds wliicli onr ancestors could not analyze, and 
of a far greater number which they never even saw, and 
the combining equivalents of these elements are {lecnratc^ly 
calculatecL Idiysiology shows advance from. (|ualitativc to 
quantitative prevision in the w'eighing and measuring of 
organic products, and of tlie materials consiunod, as well as 
in measurement of functions by tlie spirometer and tlie 
sphygmograph. By .Pathology it is displayed in the use 
of the statistical method of determixiing the soirrces of 
diseases and tlie elfects of treatment. In Botany and 
Zoology, the numerical comparisons of Floras and Faunas, 
leading to specific conclusions respecting their sources and 
distributions, illustrate it. And in >SocioIogy, qiujstitiiiablo 
as are the conclusions usuariy drawn from the (•lassilii'd 
sum totals of tlie ceiisiis, from Board of "ih-ade tables, and 
from criminal returns, it must be admitted that these im- 
ply a progress toward more aijcurate eoneeptious of scxdal 
phenomena. 

Tliat an essential eliaraeteristic of advancing Science is 
increase in dehniteness a|)pears indeed almost a trnisni, 
when wo remernher tliat Scioruio nniy be deserilxal as deliniie 
knowledge, in contradistinction to tliat indefinite knowl- 
edge possessed by the uncultured. And if, as we cannot 
question, Science has, in the (xnirse of ages, been evolved 
ont of this indefinite knowledge of tlio uncultured, then 
the gradual acquirement of tha-t great dcvfiniteness wlviiiii 
now ('listinguishcs it must have been a leading trait in its 
evolution. ” 

§ 137. The Arts, industrial and {cstlictic, snpiily illnsf ra- 
tions perhaps still more striking. Flint ifnj>Uarient.H of 
the kind recently found in certain of tlie later geologic 
''deposits show tlie extreme want of precision in meipB first 
hancli^vorks. Thotigli a great ad vance on those is seen in 
the, tools and weapons of existing savage tribes, yet an in- 
exactness in forms and fittings distinguishes smtli tools 
and' wea|)ons from tliose of civilized races. In a smaller 
.degree, tlio productions of th.o less-advanced nations arc 
characterized l)y like de,fectB. ■ A Chinese Junk, witli all 
its^ contained furniture and applianees, nowhere presents 
■a lino tliat Js quite Bt,raight, a'uni,f<>.rm 'curve, or a true 
■surface. ■ Nor do the utensils and machines of our ancestors 
'fail;, to exhibit a similar , inferiority' to ,our ' OWm '' An 
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antique chair, an old fireplace, a lock of the last century, 
or almost any article of household use that has been pre- 
served for a few generations, proves by contrast how greatly 
the industrial products of our time excel those of the past 
in their accuracy. Since planing-machines have been 
invented it has become possible to produce absolutely 
straight lines, and surfaces so truly level as to be air-tight 
when applied to each other. While in the dividing-engine 
of^ Troughton, in the micrometer of Whitworth, and in 
microscopes that show fifty thousand divisions to the inch, 
we have an exactness as far exceeding that reached in the 
works of our great-grandfathers as theirs exceeded that 
of the aboriginal celt-makers. 

In the Fine -Arts there has been a parallel progress. From 
the rudely-carved and painted idols of savages, through 
the early sculptures characterized by limbs without muscu- 
lar detail, wooden-looking drapery, and faces devoid of 
individuality, up to the later statues of the Greeks or 
some of those now produced, the increased accuracy of 
representation is conspicuous. Compare the mural paint- 
ings of the Egyptians with the paintings of medic-Kval 
Europe, or these v/ith modern paintings, and the more 
precise rendering of the appearances of objects is manifest. 
It is the same with fiction and the drama. In the marvel- 
lous tales current among Eastern nations, in the romantic 
legends of feudal Europe, as well as in the mystery-plays 
and those immediately succeeding them, wo see gi^eat want 
of correspondence to the realities of life — alike in the 
predominance of supernatural events, in the extremely 
improbable coincidences, and in the vaguely-indicated 
personages. Along with social advance there "has been a 
progressive diminution of unnaturalness — an approach to 
truth of representation. And now, novels and plays are 
applauded in proportion to the fidelity with which they 
exhibit individual characters; improbahilitios, like the 
impossibilities which preceded them, are disallowed, and 
there is even an incipient ahandonment of those elaborate 
plots which life rarely if ever furnishes. 

§ 138. It would be easy to accumulate evidences of other 
kinds. The progress from myths and legends, extreme in 
their misrepreBontations, to a history that has slowly be- 
come, and is still becoming, more accurate ; the establish- 
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ment of settled systeinati(3 methods of doing things, iriistead 
of the indeterminate ways at first pursued — tlieso rniglit be 
enlarged upon in further exemplification of tlie general 
law. But tlie basis of induction is already wide eiiough. 
Proof that all Evolution is from the indefinite to tlie 
definite, we find to he not less abundant than proof that all 
Evolution is from the homogeneous to the heterogeueous. 

It should, however, be added that this advance in 
definiteness is not a primary but a secondary plienomenon — 
is a result incidental on other changes. The transforma- 
tion of a whole that was originally dillused and uniform into 
a concentrated combination of multiform parts, implies 
progressivo separation both of tlie whole from its environ- 
ment and of the parts from one another. While tliis is 
going on there must be indistinctness. Only as the whole 
gains density does it boeonio sharply markecl off from the 
space or matter lying outside of it, and only us each 
separated division draws into its mass tlioso peripheral 
portions wliich are at first imperfectly disunited from the 
peripheral portions of neighboring divisions (janit acquire 
anything like a precise outline. That is to say, tlie in- 
creasing definiteness is a concomitant of the increasing 
consolidation, general and local. While the Bccondary 
redistributions are ever adding to the heterogeneity, the 
primary redistribution, while augmenting the integration, 
is incidentally giving distinctness to the increasingly un- 
like parts as well as to the aggregate of them. 

But tlioiigli this universal trait of Evolution is a necessary 
aceoinpaniment of the traits set forth in preceding clm|)- 
ters, it is not expi’cssed in tlie words used, t.o deserilie 
them. It is therefore needful further to modify our 
formula. The more speci flc idea of Evolu tion now reanluHl 
is-— a change from an indefinite, incoherent lumiogeneity 
to a definite, coherent heterogeneity, aceornpanying tlie 
dissipation of motion and integration of matter. 


on AFTER XVIL 

' THE LAW OF BVOLUTION* COXCLU'DEn. 

§139. conception of Evolution elaborated in the 
foregoing chapters m still incomplete. .True tliough it is, 
it 'is' not the whole, truth. The transformations whicli 
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all things undergo clnring the ascending phases of their 
existence we have contemplated under three aspects, and 
by uniting these three as|)octs as simultaneously pre- 
sented, we have formed an approximate idea of the trans- 
formations. But there are concomitant changes about 
which nothing has yet been said, and which, though less 
conspicuous, are no less essential. 

For thus far we have attended only to the redistribution 
of Matter, neglecting the accompanying redistribution of 
Motion. Distinct or tacit reference has, indeed, repeatedly 
been made to the dissipation of Motion that goes on along 
with the concentration of Matter; and were all Evolution 
absolutely simple, the total fact would be contained in the 
proposition that as Motioii dissipates Matter concentrates. 
But while wo have recognized the ultimate redistribution 
of the Motion, we have passed over its proximate redistri- 
bution. Though something has from time to time been 
said about the escaping motion, nothing has been said 
about the motion that does not escape. In proportion as 
Evolution becomes compound — in proportion as an aggre- 
gate retains, for a considerable time, such a quantity of 
motion as permits secondary redistributions of its compo- 
nent matter, there necessarily arise secondary redistribu- 
tions of its retained motion. As fast as the parts are trans- 
formed, there goes on a transformation of the sensible or 
insensible motion possessed by the parts. The parts cannot 
become progressively integrated, either individually or as a 
combination, without their motions, individual or com- 
bined, l)Gcoming more integrated. There cannot arise 
among the parts" heterogeneities of size, of form, of qual- 
ity, witiiout there also arising heterogeneities in tlie 
amounts and directions of their motions, or the rnotioTis 
of tlieix’ molecules. And increasing definiteness of tlie 
parts implies increasing definiteness of their motions, 
ill short, the rhythmical actions going on in each aggre- 
gate must clifferentiate and integrate at the same time that 
the structure docs so. 

The general theory of this redistribution of the re- 
tained motion mnsfc here be briefly stated. Properly to 
supplement oui* conception of Evolution under its material 
aspect by a conception of Evolution under its dynamical 
aspect, we have to recognize the source for the integrated 
motions that arise, and to see how their increased multi- 
21 : 
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form! ty aiid definiteness are necessitated. If Elvolntion is 
a passage of matter frojn adiifused to an aggregated state— 
if wliile tlie dispersed units are losing i>art of tlie insensi- 
ble motion which kept them dispersed, tlicrc arise among 
coherent masses of them any sensible motions witii rcspe(;t 
to one another, then tliis sensible motion must i>reviously 
have existed in the form of insensible motion among the 
units. If concrete matter arises by tlie aggregation of 
diffused matter, then concrete motion arises by the aggre- 
gation of diffused motion. That wliich comes into exist- 
ence as the movement of masses implies the cessation of 
an equivalent molecular movement. While we must leave 
in the shape of hypothesis the belief that the celestial 
motioiB have thus originated, wo may see, as a rnatter of 
fact, that this is tlie genesis of all sensilfie motions on the 
Earth’s surface. As before sliown (§ Gli), tlie denudation of 
lands ruid deposit of new strata are effected l>y water in 
the course of its descent to the sea, or during the arrest of 
those iiudulatioas ])ro(luced, on it by winds; and, as before 
shown, tlie elevjitioa of water to the lieight wlience it fell 
is due to solar heat, as is also the gmiesis of those acnial 
currents which drift it about when evaporated and agitato 
its sur lace when condensed, ''i’hat is to say, the inolecular 
motion of the ethereal medium is transformed into tlie 
motion of gases, tlience into tlio motion of liquids, and 
thence into tlie motion of solids- — stages in eacli of which 
a certain amount of moleeuiar motion is lost and an erjuiv-* 
alent motion of masses gained. It is the same witli organic 
movements. (Icrtain rays issuing from tluj iSmi enaldc 
tlie plant to reduce special elements existing in guseoug 
combination around it to a solid forrn— enalile tJie plant, 

' that is,' to; grow and carry on its functional cliangifs. And 
■since.growth, equally witli tnrculation of sap, is a mode of 
sensibloinotion, while those rays whicdi have been expeiidial 
in, generating it . consist of msensilile motic,ms, we have 
here, too, .a transformation of the kind i.dleged. Animals,, 
derived as their ^ forces ' are, directly or indirectly, from 
plants, carry tliis transformation a step fartlaux ’'riio 
automatic movements of the viscera, together witli the 
voluntary movements' of tln^ limbs ami I.Hjdy'ut large, ari.so 
at, the expense of. certain molecular hioyeiiients t.liroii:ghcmfc 
the nervous and nmscukr' tisHiies; and 'these origiiMilly 
'arose at, the exp.ense of certain 'Other molecular mo',veinentS'' 
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propagated by the Sun to the Earth, so that both the struct- 
ural and functional motions which organic Evolution dis- 
plays are motions of aggregates generated by the arrested 
motions of units. Even with the aggregates of these 
aggregates the same rule holds. For, among associated 
men, the progress is ever toward a merging of individual 
actions in the actions of corporate bodies. While, then, 
during Evolution, the escaping motion becomes, by perpet-. 
ually widening dispersion, more disintegrated, the motion 
that is for a time retained becomes more integrated, and 
so, considered dynamically. Evolution is a decrease in the 
relative movements of parts and an increase in the relative 
movements of wholes — using the words parts and wholes 
in their most general senses. The advance is from the 
motions of simple molecules to the motions of compound 
molecules; from molecular motions to the motions of 
masses; and from the motions of smaller raiisses to the mo- 
tions of larger masses. The accompanying change toward 
greater multiformity among the retained motions takes 
place under tlio form of an increased variety of rhythms. 
Wo have already seen that all motion is rhythmical, from 
the infinitesimal vibrations of infinitessimal molecules up 
to those vast oscillations between perihelion and aphelion 
performed by vast celestial bodies. And, as the contrast 
between these e.xtrcme cases suggests, a multiplication of 
rhythms must accompany a multiplication in the degrees 
and modes of aggregation, and in the relations of the 
aggregated masses to incident^ forces. The degree or 
mode of aggregation will not, indeed, affect the rate or 
extent of rhythm where the incident force_ increases as the 
aggregate increases, which is the case with gravitation; 
hero the only cause of variation in rhythm is difference 
of relation to the incident forces, as we see in a pendulum, 
whic.h, though unaffected in its movements by a change 
in the weight of the bob, alters its rate of oscillation when 
taken to tlio equator. But in all cases where the incident 
forces do not vary as the masses, every new order of aggre- 
gation initiates a now order of rhythm : witness the con- 
clusion drawn from the recent researches into radiant neat 
and li gilt, that the niolccxdes of different gases have differ- 
ent rates of undulation. So that increased multiformity 
in the arrangement of matter necessarily generates in- 
creased multiformity of rhythm, both through increased 
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variety in the sizes and forms of aggregates, and throxigli 
increased variety in their relations to the forces which 
move them. That these motions, as they become more 
integrated and more heterogeneous, must become more 
definite is a proposition that need not detain us. In 
proportion as any part of an evolving whole segregates and 
consolidates, and in so doing loses tlio relative mobility of 
its components, its aggregate motion must obviously ac- 
quire distinctness. 

Here, then, to complete our conception of Evolution wo 
have to contemplate throughout the Cosmos tliese meta- 
morphoses of retained motion that accompany the meta- 
morphoses of component matter We may do tliis with 
comparative brevity, the reader having now become so iar 
familiar with the mode of looking at tlio tacts tliat leas 
illustration will suffice. To save space, it will bo conven- 
ient to deal with the several aspects of the metamorphoses 
at the same time. 

§ 140. Dispersed matter moving, as we sec it in a Ri)iral 
nebula, toward the common cesntre of gniyity, from all 
poihtsatall distances with all degrees of iiidircctness, must 
carry into the nebulous mass eventually formed imuuner- 
ablo momenta contrasted in their amounts and directions. 
As the integration ]irogresscs, such parts of these? momenta 
as eonllict arc mutually neutralized and dissipated as heat. 
The outstanding rotatory motion, at first having^ imliko 
angular velocities at the perii)hery and at viirions distiinces 
from the centre, has its dilTere)ux;.s of angular vtdocity 
gradually reduced, advancing toward a fintil state, now 
nearly reached by the Sun, in which the aiigiihir velo(?ity 
of the whole mass is the same — in which the motion is 
integrated. So, too, with each planet and satellih*. Prog- 
ress from the motion of a nebulous ring, ineoluircnt and 
admitting of much relative motion within its tiuiss, to the 
motion of a dense spheroid, is pn)grc.sH t(» a motion that is 
completely integrated. The rotation and the P-ans!ation 
through space severally become one and iinlivisible. 
Meanwhile, there goes on that further integrathm by 
whicdi the motions of all the parts of the Solar System are 
rendered mutually dependent. Locally in eacli jiianet and 
its satellites, and 'generally in the Sun and the planets, wo 
have a system of simple and compound rhythms, with 
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periodic and secular variations, forming togetlier an in- 
tegrated set of movements. 

The matter winch, in its original diffused state, had 
motions that wore confused, indeterminate, or without 
sliarply marked distinctions, has, during the evolution of 
the Boiar System, acquired definitely heterogeneous motions. 
The periods of revolntion of all the planets and satellites 
are unlike, as are also their times of rotation. Out of 
these definitely heterogeneous motions of a simple kind 
arise others that are complex, but still definite — as those 
produced by the revolutions of satellites coinpounded with 
the revolutions of their primaries; as those of which pre- 
cession is the result, and as those which are known as 
perturbations. Each additional complexity of structure 
has caused additional complexity of movements, but still 
a definite complexity, as is shown by having calculable re- 
sults. 

§ 141 . While the Earth’s surface was molten, the cur- 
rents in the voluminous atmosphere surrounding it, mainly 
of ascending heated gases and of descending precipitated 
liquids, must have been local, numerous, indefinite, and 
but little distinguisbod from one another. But as fast as 
the surface cooled, and solar radiation began to cause ap- 
preciable diiierences of temporatirre between the equatorial 
and polar regions, a decided atmospheric circulation from 
poles to equator and from equator to poles must have 
slowly established itself; the vast moving masses of air 
becoming, at last, trade-winds and other such permanent 
definite currents. These integrated motions, once com- 
paratively homogeneous, were rendered heterogeneous as 
great islands and continents arose, to complicate them by 
periodic winds, caused by the varied heating of wide tracts 
of land at different seaBoiis. Rhythmical motions of a 
constant and simple kind wore, by increasing, multi- 
formity of the Earth’s surface, differentiated into an in- 
volved combination of constant and recurrent rhythmical 
motions, joined with smaller motions that are irregular. 

Parallel changCB must have taken place in the motions 
of water. On a thin crust, admitting of but small eleva- 
tions and depressions, and therefore of but small lakes and 
seas, none beyond small local circulations were possible. 
But along w'ith the formation of continents and bceans 
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came tine vast movements of water from warm latitttdes to 
cold and from cold to warm — movomciits incjreasing in 
amount, in definiteness, and in variety of distribution as 
the features of the Earth’s surface became larger and more 
contrasted. The like Imlds with drainage- waters. Tlie 
tricklings of insignificant streams over narrow pieces of 
land were once the only motions of such waters; but as 
fast fis wide areas came into existence the motions of many 
tributaries became massed into the motions of great rivcu's, 
and instead of motions very much alike there arose mo- 
tions considerably varied. 

Nor can we well doubt that the movements in the Earth’s 
crust itself have presented a,n analogous progrc^ss. Small, 
mimerous, local, and very much like one a,notlicr, while 
the crust was thin, the elevations and sul)sidurH*<*s must, 
as the crust tliickened, have extended over largto* areas, 
must have continued for longer eras in the vSarnc directions, 
and must luive been madts more unlike in <lilTerent re- 
gions by local (lifferences of structure in tlie crust. 

§ 142. In (organisms tlie advance toward a more inte- 
grated, hcdicuxigeiuHius, and delinite distriliution of tlie re- 
tained motion, which accompanies tlie advance towarti a 
more integrated, heterogeneous, and definite distribution 
of the component matter, is mainly wlmt wo understand 
as the development of functions. All active functions are 
cither sensible movements, us those produced liy contractile 
organs, or such insensilile rmnumients as those jiropagated 
through the nerves, or such insensilile rnovernimiH as those 
by which, in secreting organs, molecular rearrungenumts 
are effected, and new comhinations of inathn* protlucciL 
.And what, we have here 'to observe is, tliat diiring-rnuilution 
functions, , like structures, -become nmre consolidated indi- 
vidually, as well as more combined with rmcanotlier, at tlie " 
same time tliat they become more multih,iriuaiid more. <lis- 
tinct.. 

d'Tio nutritive juices in animals of low tyiies move liither 
and thither tlirough the tiBsues (luite irregularly, as local 
strains and iiressnres determine; in tlup al,,)Siu:u:.te of a dis-'- 
tinguishable blood and a developed vascu,da'r system, there 
is no (lefinite circulation. ’But along wit'h tlie striudural- 
evolution whicli establlshcB a' finished apparatus for diitrib- 
buting -blood, the,r 0 goes, on the .functional evolution which' 
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estiiWislies large and rapid movements of blood, definite in 
tlieir courses and definitely distinguished as efferent and 
afferent, and that are heterogeneous not simply in theix’ 
directions, but in tlxeir characters — being here divided 
into gushes and there continuous. 

Instance, again, the way in which, accompanying the 
structural differentiations and integrations of the aliment- 
ary canal, there arise differentiations and integrations 
both of its mechanical movements and its actions of anom 
mechanical kind. Along an alimentary canal of a primitive 
type tliere pass almost uniformly from end to end waves of 
constriction. But in a well-organized alimentary canal the 
waves of constriction are widely unlike at different parts 
in their kinds, strengths, and rapidities. In the mouth 
they become movements of prehension and mastication— 
xxow occurring in quick succession and now ceasing for 
hours. In the msophagus these contractions, propulsive 
in their office, and travelling with considerable speed, take 
place at int(3rvals during eating, and tlien do not take place 
till tlio next meal. In tbo stornacli another modiiication 
of this originally uniform action occurs; the muscular con- 
strictions are powerful, and continue during the long 
periods tiuit tho stomach contains food, ff'hroughout the 
upper intestines, again, a further difference shows itself — 
the waves travel along without cessation, but are relatively 
moderate. Finally, in tlie rectum this rhythm departs in 
another way fi’orn tiic common type; quiescence, lasting for 
many hours, is followed by a series of strong contractions. 
Meanwlule, the essential actions which these movements 
aid have been growing xnore definitely heterogeneous. 
Secretion ami absorption are no longer carried on in much 
tlie same wa 3 r from end to end of the tube; but the general 
function divides into various subordinate functions. The 
solvents and ferments furnished by the coats of the canal 
and the appended glands become widely unlike at np[)er, 
xniddle, and lower parts of tho canal, implying different 
kinds of niolecular changes. Here the process is mainly 
secretory, there it is mainly absorbent; while in other 
places, as in the cBSophagus, neither secretion nor absorp- 
tion takes place to any appreciable extent. While these 
and other interind motions, sexxsible and insensible, ax'e 
being rendered more various, and severally more consoli- 
dated and distinct, there is advancing the integration by 
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wKcli tliey are united into local groups of motions and 
a combined system of motions. While the function of 
alimentation subdivides, it is subdivisions bcf^jino co- 
ordinated, so tliat muscular and soci’cnory {ictioiis go on in 
concert, and so that excitement of one part of tlio canal 
sots up excitement of the rest. Moreover, the whole ali- 
mentary function, while it supplies matter for tlio eir- 
enhitory and respiratory fu3ictions, becomes so iMtegra.te<l 
with them that it cannot for a moment go on witliiout 
them. And, as evolution advances, all three of these 
fundamental functions fall into greater gul.)ordituition to 
the nervous functions— depend more and more on tlie duo 
amount of nervous discharge. 

Wlien wo trace np the functions of external organs tlie 
same truth discloses itself. Microscopit; ci'catui’es arc 
moved througli tlie water by osciillaiious of the cilia 
covering their surfa(a«; and \airious iargta* fot^ms, us the 
progress by cilia, ry aetlon over so! id snrfaces. 
'‘i.''hcse motions of cilia are, in tJie tirsi, plarag scvtrrully 
very minute; in tlio soeontl place tlicy are li(>inog(nie()us; 
a,n(l iTi the tliird ])laco thciai is but little deiinilcnmss in 
them individually, or in their joint prodnet, whic^h is 
mostly a mere random cliango of plu(*e not directed to jtny 
selected point. Oontrasting this ciliary action wiilt the 
action of developed locomotive organs of wliatevcr kind, 
we see that instead of innumerable small or unintegrated 
movements there are a few comparatively large or inte- 
gratcMl inoveiricnts; that actions all alilo* ar<5 rtjphu'cd by 
actions partially unlike; and that instead of iHungvcu'y 
feebly or almost ae<udenta!Iy cobnlinaitul, tlunr coordina- 
tion is sucli as to render the motions of the liody as a wliolo 
precise, A parallel contrast, less extreme hut Bufli(riciitly 
decided, is seen when we ■|)aHs from the hnver ty}')es (if 
(weatureB with limbs to the Ingher types of crea.turi*8 with 
limbs. Tlie legs of a Conti pcidt^ liave moiioim iimt are 
numerons, small, and liomogencMnis; and ujh? ho in- 
tograted tliat when the (creature is dividccl amt Hiilidividcd, 
tim ](‘gs lielonging to each part propel that part iiith‘|wm- 
(Itmtly. lint in one of tlie high(omf// 7 ////cwg as a (h 
tlui rehrtively few limbs liave motions itiut a, re (fompara- 
tively largo in their amountB, that are tu.insitlerably unlikC' 
one anothcif, and tli at are integrated; into compound mo- 
tions. of tolerable deliniteness. 
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§ 143. Tlie last illustrations are introductory to illus- 
trations of the kind we class as psychical. They are the 
physiological aspects of the simpler among those functions 
winch, under a more special and complex aspect, distin- 
guislias psychologicaL The phenomena subjectiyely known 
us changes in coiusciousness are objectively known as nervous 
excitations and discharges, whicli science now interprets 
into modes of motion, lienee, in following up organic 
evolution, tlie advance of retained motion in integration, 
in liotorogencity, and in definiteness, may be expected to 
show itself alike in the visible nervo-muscular actions and 
in the correlative mental changes. We may conveniently 
look at the facts as exhibited during individual evolution, 
before looking at them as exhibited in general evolution. 

The progress of a child in speech very completely 
exhibits tlic transformation. Infantine noises are com- 
paratively Iioniogcneous; alike as being severally long-, 
drawn a.nd nearly uniform from end to end, and as being 
constantly repeated with hut little variation of quality 
between narrow limits. They are quite uncoordinated — 
there is no intcjgration of them into compound sounds. 
'They arc inartioiiiate, or without those definite begin- 
nings and endings characterizing the sounds we call words. 
Progress shows itself first in tlie multiplication of the 
inarticulate sounds: the extreme vowels are added to the 
medium vowels, and the compound to the simple. Pres- 
ently tlie movements which form the simpler consonants 
arc achieved, and some of tlie sounds become sharply cut ; 
but this definiteness is partial, for, only initial consonants 
being used, the sounds end vaguely. While an approach 
to distinctness thus results, there also results, by combina- 
tion of different consonants with the same vowels, an 
increase of heterogeneity; and, along with the complete 
distinctness which terminal consonants give, arises a 
fiirlher great addition to the number of unlike sounds pro- 
cIucihL ff^he more difficult consonants and tlie compound 
consonants, imperfectly articulated at first, are by and 
by articulated witli precision; and, there comes yet an- 
other multitude of different and definite words— words 
that imply many kinds of vocal movements, severally 
performed with exactness, as well as perfectly integrated 
into complex groups. Tlie subsequent advance to dis- 
syllables and polysyllables, and to involve combinations of 
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words, shows the still higher degree of integration and 
heterogeneity eventually reached by these organic motions. 
Tlie acts of conscionsness correlated with these; nervo- 
muscular acts of course go through })arallcl [diases; and 
the advance from childhood to maturity yields daily jiroof 
that the changes which on their physical side are nerv- 
ous processes, and on their mental side are proccs.«t!S of 
thought, become more various, more defined, moreeoiiortmt. 
At first the intelleotual funetious are very much alike in 
kind— recognitions and classifications of si’mple impre.ssions 
alone go on; but in course of time these functioms bceomo 
multiform. Keasoning grows distinguisliable, and (wentu- 
ally wehave conscious mduction and deduction ; deliberate 
recollection and deliberate imagination arc added to sim- 
ple unguided association of ideas; more special modes of 
mental action, as those which result in mathematics, 
music, poetry, arise; and within each of tliesc divisions 
the mental in-ocosses are over (.adng further diirerentiuted. 
In deflnitonoss it is the same. ‘ '■J’he infant makes its 
observations so inaccurately that it fails to dhstiruniish 
individuals. The eliild errs eontimially irr its spidiiug, 
its grammar, its arithmetic. 'I'lie youth forms incorrect 
judgments on tlio affairs of life. Only with maturity 
comes that precise coordination in the nervous processes 
that is implied byagood adjustment of thoiiglits to things. 
Lastly, with the integration by which simple mental acts 
are combined into complex mental acts, it is so lik<>wiso. 
In the nursery yon cannot obtain continuous attention — 
there is inability to form a <‘olicront s<!ri(« of impre.s8ion8; 
and there is a parallel inability to unite many coc.xistent 
impressions, oven of the same order: witness' the way in 
which a eluld’s remarks on a picture show that it attends 
only to the individual objet;ts reprcsentiMl aiul never to tlio 
picture as a whole. But with advancing yciirs it Imcomos 
possible to understand an involved sentence, to follow long 
trains of reasoning, to liold in one mental grasi» numerous 
coueurrent circumstancoa. '’riie like progressive iiitegra- 
tiou takes place among the mental elmnges we distinguish 
as feelings; which in a child act singly, producing iiupui- 
siveuess, but in an adult act more in eoueerf, producing a 
eom|)aratively balaiwuHl conduct. 

_ After these illustrations supplied by individual evolu- 
tion, we may deal briefly with those supplied by general 
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evolution, wliicli are analogous to them. A creature of 
very low intelligence, when aware of some large object in' 
motion near it, makes a spasmodic movement, causing, it 
may be, a leap or a dart. The perceptions implied m’e 
relatively simple, homogeneous, and indefinite; the moving 
objects are not distinguished in their kinds as injurious 
or otherwise, as advancing or receding. The actions of 
escape are similarly all of one kind, have no adjustments 
of direction, and may bring the creature nearer the source 
of peril instead of further oli. A stage higher, when the 
dart or the leap is away from danger, we see the nervous 
changes so far specialized that there results distinction of 
direction; indicating a greater _ variety among them, a 
greater coordination or integration of them in each pro- 
cess, and a greater definiteness. _ In still higher animals 
that discriminate between enemies and not-enemies, as a 
bird that flies from a man but not from a cow, the acts of 
perception have severally become united into more con> 
plex wholes, since cognition of certain dilforential attri- 
butes is implied ; they have become more multiform, since 
each additional component impression adds to the number 
of possible compounds; and they have, by consequence, 
become more specific in their correspondences with objects 
—more desfinite. And then in animals so intelligent that 
they identify by sight not species only but individuals of 
a species, the mental changes are yet further distinguished 
in the same three ways. In the course of human evolution 
the law is equally manifested. The thoughts of the sav- 
ag6 are nothing like so heterogeneous in their kinds as 
those of the civilized man, whose complex environment 
presents a multiplicity of new phenomena. His mental 
acts, too, are much loss involved— he has no_ words for 
abstract ideas, and is found to be incapable of integrating 
the elements of such ideas. And in all but simple matters 
there is none of that precision' in his thinking which, 
among civilised men, leads to the exact conclusions ot 
science. ISTor do the emotions fail to exhibit a parallel 
contrast. 

8 144. How in societies the movements or functions 
produced .by the confluence of individual actions increase 
in their amounts, their multiformities, their precision, 
and their combination, scarcely needs iusisting upon after 
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wliat has l)een pointed out in foregoing chapters. For tlio 
sak (3 of syiriinetry of statement, Iiowever, a typical ex- 
am|)le or two nniy he set down. 

Take tlie actions devoted to defence or aggression. At 
first the military function, undiiTereiitiatod from tlie rest 
(all men in primitive societies being warriors) is relatively 
homogeneous, is ill-combined, and is indefinite: savages 
making a Joint attack severally fight independently, in 
similar ways, and without order. But as societies ovolvo 
and the military function becomes separate, we see that 
while its scale increases, it progresses in multiformity, in 
definiteness, and in combination. Tlio movements of the 
thousands of soldiers that replace the tens of warriors, are 
divided and re-divided in tlioir kinds— hero are l>o(lics tliat 
mauoiiivre and tiro artillery; there are liat.talions tlnit 
light on foot; and elsewhere are troops that (vlnirge on 
liorseback. Within each of tliesc diHerentiuted ftimdionB 
there come otliers: tlierc are distinct duties disitharged liy 
privates, serg(^ant.s, cajitains, colonels, generals, as also l)y 
those wlio constitute tlic commissariat ami t.liose who 
attc3nd to the wounded. ^fho ardamis that have thus 
become comparatively heterogeneous in general and in 
detail, have sinuiltaneously itiereused in preuasion. Accu- 
racy of evolutions is given by perpetual drill; so that in 
battle, men and tlie regiments formed of them are made 
to take definite jiositions and perform dc‘fiuit(3 acts at 
definite times. Once more, thm*e lia.s gon<3 on tliat inte- 
gration )>y which the multiform a,etions of an army are 
directed to a single end. By a coiVrdinaiing ai>paratiiB 
having the eonimander-in-ithief for its eimtre, tlio 
charges, and halts, and redreats are duly c’omau'ted; and 
a hundred thouBand individual actions are united under 
one will. 

Tlie progress hero so chairly marked is a jirogress 
traeealfie throughout social functions at large. Ckaniiar- 
ing tlie rule of a savage elvief with that of a eivilizcal gov- 
ernment, aided by its suhordinate local g<>vernnicnis ami 
their oilieers, down to the police in iiie streeis, wn see 
liow, as men have advanced from tribes of tens to nations 
of millions, the regulative pro(a,*HH' .has grown large' in 
amount; how, guided by written laws, it lias passctJ froin 
vagueness and irregularity to comparative precision; and 
how it has subdivided .into proeesses. i,ncreiiaingly multi- 
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form. Or observiiTig how the barter that goes on among 
barbarians differs from our own commercial processes, by 
which a million’s worth of commodities is distributed 
daily; by which the relative values of articles immensely 
varied in kinds and qualities are measured, and the sup- 
plies adjusted to the demands; and by which industrial 
activities of all orders are so combined that each depends 
on the rest and aids the rest; we see that the kind of 
action which constitutes trade has become progressively 
more vast, more varied, more definite, and more integrated. 

§ 145 . A finished conception of Evolution we thus find 
to be one which includes the redistribution of the retained 
motion, as well as that of tlie component matter. This 
added eiement of the conception is scarcely, if at all, less 
important tliaii the otlier. The movements of the Solar 
System have for us a significance equal to that which the 
sizes, forms, and relative distances of its members possess. 
And of the phenomena presented by an organism, it must 
be admitted that the combined sensible and insensible 
actions wo call its life do not yield in interest to its struct- 
ural traits. Leaving out, however, all implied reference 
to the way in wliicli these two orders of facts concern us, 
it is clear tliat with each redistrihiition of matter tliere 
necessarily goes a redistribution of motion; and that the 
unified knowledge constituting PhilosopliJ^ must compre- 
liend both aspects of the transformation. 

While, then, we have to contemplate the matter of an 
evolving aggragate as undergoing not progressive inte- 
gration simply, but as simultaneously undergoing various 
secondary redistributions, we have also to coiitern plate the 
motion of an evolving aggregate, not only as being grad- 
ually dissipated, but as passing through mmiy secondary 
redistributions on the way toward dissipation. As the 
stnictiiral complexities that arise during compound evolu- 
tion are incidental to tlie progress from the extreme of 
diffusion to the extreme of concentration; so the irixic- 
tional complexities accompanying them are incidental^ to 
tlie progress from the greatOBt quantity of contained motion 
to the least quantity of contained motion. And we have 
to state these concomitants of both transformations, as well 
as their beginnings and ends. 

Our formula, therefore, needs an additional clause. To 
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'.ooBiHne' this/'Satisfactdrr wifcli tlio c^latmes m tlioy. stand 
in the last chapter is scarcely T)racti<tal>lc; arid for cuu- 
Yenience of expression it will be best toc^lurngo tindr order. 
Doing tins, and xnakiiig the requisite addition, tlio 
formula finally stands thus: EvoluHon is (ui iiiiiyndiml 
of Wittier mul conmnvitant dissipatiau of motion: ilnrimj 
which the matter passes from an indtfnite^ iiimhercni honuh 
geueitif to a definite^ coherent heierogeneiig: and dnnug 
which the retained motion tmdenyaes a parallel t/riaisfornuh 
iiorL 


CHAPTER XVIIL 

TTIE INTERPHETATION OI*' EV(>I.r'ri()K. 

I 140. Is this law uliiinato or dmivative? Must we 
rest satisfied with the coueJusion ihaf- tlir()iigliout all classes 
of concrete) jdienomena sindi is tlui course of transforma- 
tion? Or is it possilile for us te aserndnin whg sucli is t.he 
course of transformation? May we sc(‘k for some all- 
pervading pri nci jde wliieli u m icrl les this al !-perva<li ng 
process? Can the inductions stti b>rt.li in the preceiling 
four cha])tors bo reduced to diMluctionH? 

MrinifeBtly this community of result implies comiini- 
nity of cause. ♦ It may be that of sucli (‘ause no account 
can be given, further than that the Urdaunvable is inani-' 
fested to us after this mode. Or it may be tliat this mode 
of manifestation is reducible to a shnpler. mode, from 
wliicli tliesc many complex effccis follow. Analogy sug- 
gests the latter inference. Just as it was nossilfie tcrinter- 
prat the empiried geneniHzations callcil k'e|)!cr's laws, m 
necessary consequonces of .the law of gravitation; so it 
may be ' possible ■ to interjirei the foregoing empirical 
.generalizationB m necessary cousequenees of some ilee|>er 
law. 

. Unless wa succaad in finding a rationale ot this iiiiivergal 
inetain<a’})h<>HiB, we obviously fall sliort of that completely 
unified knowledge constlttiling llulogopliv. Ah they at 
|)resent .stand, ilm several conchisionH %m have lately 
,rea(!hed j,ippear J.o be ind<)pen(.h*iit— tliere is no demon- 
strated^ conmK.)tion between iuereaHing <,leliuitenesH and 
increasing Imtcrogcuaity, or betwoe,n. both and increasing 
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integration. Still less evidence is there that these laws 
of the redistribution of matter and motion are necessarily 
correlated with tliose laws of the direction of motion and 
the rhythm of motion, previously set forth. But until we 
see these now separate truths to bo implications of one 
truth, our knowledge remains imperfectly coherent. 

§ 147. The task before us, then, is that of exhibiting 
the phenomena of Evolution in syntlietic order. Setting 
out from an established ultimate principle, it has to be 
shown that the course of transformation among all kinds 
of existences cannot but be that which we have seen it to 
bo. It has to be shown that the redistribution of matter 
and motion must everywhere take place in those ways, 
and produce those traits, which celestial bodies, organisms, 
societies, alike display. And it has to be shown that this 
universality of process results from the same necessity 
whicli determines each simplest movement around us, 
down to tlio accelerated fall of a stone or the recurrent 
beat of a luirp-striug. 

In otlicr words, the phenomena of Evolution have to be 
deduced from the Persistence of Force. As before said — 
“to this an ultimate analysis brings us down; and on this 
a rational syntlicsis must build up.” This being the 
ultimate truth whicli transcends experience by underlying 
it, so furnishing a common basis on which tlie widest gen- 
eralimtions stand, these widest generalizations ai’e to be 
unified by referring them to this common basis. Already 
the truths manifested throughout concrete phenomena of 
all orders, that there is equivalence among transformed 
forces, tliat motion follows the line of least resistance, and 
that it is universally rhythmic, we have found to be sever- 
ally deducible from the persistence of force; and this affil- 
iation of them on the persistence of force has reduced them 
to a coherent whole. Here we have similarly to affiliate 
the universal traits of Evolution, by showing that, given 
the persistence of force, the redistribution of matter and 
motion necessarily proceeds in such way as to produce 
them; and by doing this we shall unite them as co-relative 
aspects of one law, at the same time that we unite this 
law with the foregoing simpler laws. 

§ 148. Before proceeding it will be well to set down 
some principles that must be borne in mind. In inter- 
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preting Evolution mi shall Imve to consider, under their 
special forms, the various resolutions of force that accom- 
pany the redistribution of matter and motion. Ixd; us 
glance at suoli resolutions under their most goueral forms. 

Any incident force is primarily divisible into its effaiiiHi 
and non-efj'ccHva portions. In mechanical irnpaih., tlie 
entire momentum of a striking l)ody is never <!onimnni- 
eated to tlie body struck: even under those most favorable 
conditions in which the striking body loses all its sensible 
motion, there still remains with it some of the. original 
momentum, under the shape of tliat instmsihle motion 
produced among its particles by the collision. Of tho 
light or heat falling on any mass, a part, niore or less con- 
siderable, is reflected; and only tho reriuiiiiing part works 
molecular changes in the mass. Next it is to he noted 
that the eflcetivo force is itself divisil)le into tlie Ivmjm- 
rurib/ cjfeclim and iha permanenlhi rfferiive. 'I'lie iinits of 
an aggregate acted on may ruulergo (ho.so rhylhiiiieal 
changes of relative posil.ion which coustitiiie increased 
vibration, as well as other clianges of relutlvo jiosil.ion 
which are not from instant to instant nen trail zed liy 
opjiosito ones. Of these, the lirst, disappearing in tho 
shape of radiating uiidnlatious, leave the. moleeular 
arrangement iis it originally was; while _ the second con- 
duce to that rearrangement cliaraeteri/,ing eonijiound 
Evolution. Yet a further distinction has to he made, 'i’lie 
permanently eilcctive force wurk.s out changes uf relative 
position of' two kinds — the lummMe and t.he seitMhk. 
The insensible transiiositiuns among the units are those 
constituting molecular clianges, inclndiiig what we call 
chemical composition and decomposition; and it is these 
wlheli we reeognizo as tho fjnalitative dilTercmies that 
arise in an aggregate. 'I'ho sensible transpositions are 
such as result when certain of t.lie units, instead of being 
put into differont relations with their ininntdiaU! neigh- 
bors, are carried away from them and deposited elscwliere. 

Concerning these divisions and sidjdivi.sions of any force 
alTeeting an aggregate, the fact which it childly concerns 
ns to observe is, tliat they are eoniplemeiitiiry to each 
other. Of the whole incident force, the ctfective must ho 
that wliich reiniiins after deducting the non-elTectdve. 
The two parts of tho effective force must vary^ inversely as 
each otlior: wliero much of it is temporarily cilective, 
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little of it can be permanently effective; and mce versa. 
Lastly, the permanently effective force, being expended in 
working l)oth the insensible rearrangements which consti- 
tute molecnhu- modification, and the sensible rearrange- 
ments whicli result in structure, must generate of either 
kind an amount that is great or small in proportion as it 
has generated a small or great amount of the other. 


CHAPTER XIX. 

TTIE INSTAIIIUTY OF Tin? HOMORENEOUS. * 

I 140. The difficulty of dealing with transformations so 
many-sided as those which, all existences have undergone, 
or are undergoing, is such as to make a definite or com- 
plete deductive interpretation seem almost hopeless. So 
to grasp the total process of redistribution of matter and 
motion as to sec sitmiltaneously its several necessary 
results in their actual interdependence, is scarcely possible. 
There is, liowever, a nuKle of rendering the process as a 
Hvhole tolerably comprelionsible. Though the genesis of 
the rearrangement undergone by every evolving aggi-egate 
is in itself one, it })resents to our intelligence several fac- 
tors; and after interpreting the effects of each separately, 
we may, by synthesis of the interpretations, form an ade- 
quate conception. 

On setting out, the proposition which comes first in 
logical order is, that some rearrangement must result; 
and tills projiosition may be best dealt with under the more 
specific shape, that the condition of homogeneity is a 
condition of unstable equilibrium. 

.First, as to the meaning of the terms, respecting which 
some readers may need explanation. The phrase unatahh 
equiUbrinm is one used in meelianica to express a balance 
of forces of sucli kind that the interference of any further 
force, however minute, will destroy the arrangement pre- 
viously subsisting, and bring about a totally different 
arrangamont. ^ Thus, a stick poised on its lower end is in 
unstable equilibrium: however exactly it may be placed in 
a perpendicular position, as soon as it is left to itself it 

idea developed io this clmpter originally fonilied part of an article on 
*»*rransoendeiual PUyeiology,'' published in J857. BmSmaya, pp. 270~J2yo. 
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begins, at first imperceptibly, to lean on one side, and 
with increasing rapidity falls into another attitnde. (jon- 
yersely, a stick suspended from its iipper end is in stable 
equilibrium: liowever mucli disturbed,^ it will ridviiru to 
the same position. The proposition is, then, that tlie 
state of homogeneity, like the state of the stick poised on 
its lower end, "is one that cannot bo inainiainctL Let us 
take a few illustrations. 

Of nieclianical ones the most familiar is that of tlie 
scales. If they be accurately made, ami not clogged by 
dirt or rust, it is impossible to keep a |)air of scales per- 
fectly balanced: eventually one scale will descend and the 
other ascend — tliey will assume a hoterogeneovis rtdation. 
Again, if we sprinkle over tlio surface of ti flu id a iiumber 
of equal-size.d ])articIos, having an attraction for ejudi other, 
they will, no matter how uniformly distribritcil, liy and 
by concentrate irregularly into one or more groups. Were 
it possible to bring a nui,ss of waUir into a siate of |)erfect 
honiogencity — a stal.c of complete qui(‘.S(’cnc(g ami cxacd-ly 
equal density throughout — ycd; tlii^ ra,dia,tiou of beat, frmix 
neighboring bodies, by alTecting diU'ermitiy its dilfcrtmt 
parts, would inevitably produce iue<jualitics of <l(»nsiiy ami 
consequent currents, and would so rmidiu* it to that i‘xtent 
heterogeneous, d^akea piece of red-hot matter, and, how- 
ever evenly heated it may iib lirst l)e, it will (fuickly ('ease 
to be so; tlie exterior, cooling faster than the intirrior, 
will become different in temperaturtj from it. Ami the 
lapse into heterogeneity of tem|)orature, so obviouB in tins 
exteano C4is(% tt(kes plaex3 m<m^^ or l(nss in all cases, '^fhe 
action of chemical fonms suppli(*s otlicr illustrations. 
Expose a fragmemt of metal to air or watcu’, a.m'l in i^ourso 
of timo it will bo coated with a him of oxidts carbonate 
or other cc>mpound ; that is, its outer parts will bin*.<>mo 
imliko its itmer parts. ■■Usually the het(*rogemdty .pro- 
duced by the aedion of chenfical forct»s on surfac!'ds of 
masses is not striking, because the . <diang^cd porii^ons 
are soon washed away, or otherwise removitil. lint if tlris 
is prevented, comparativ<iIy complex staand.nres result. 
Quarries of trap-rock contain some striking cxamplcH. 
Not iir,ifrcf''|uciitly a picKJO of trap may bo f(mm'l , rednesed, 
by the action of 'tlm weather, to 'a imrnher of loosely ad !:ier- 
ent coats, like those of an onion., Wliere tiii^ block lias 
been, quite: undisturbed, wo may trace the ■whole' series of 
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these, from the angular, irregular outer one, through 
successively included ones in Avhich the shape becomes 
gradually rounded, ending finally in a spherical nucleus. 
On comparing the original mass of stone with this group 
of concentric coats, each of which dilfers from the rest in 
form, and p]‘obal)ly in the state of decomposition at whicli 
it has arrived, we get a marked illustration of the multi- 
formity to wliieh, in lapse of time, a uniform body may 
be brought by external chemical action. The instability 
of tlie homogeneons is equally seen in the changes set up 
througliout the interior of a mass, when it consists of 
units that arc not rigidly bound togetlier. Tlie atoms of 
a precipitate never remain separate, and equably dis- 
tributed tlirough the fluid in which they make their 
appearance. They aggregate either into crystalline 
grains, each containing an immense number of atoms, or 
tliey aggregate into flocculi, each containing a yet larger 
number; and where the mass of fluid is great, and the 
process prolonged, these Hoeculi do not continue equi- 
distant, but break up into groups. Tliat is to say, there 
is a destruction of tlie l)alance at first subsisting among the 
diil'iised particles, and also of tlie balance at first subsisting 
among tlie groups into which these particles nnite. Cer- 
tain solutions of non-(jrystalline substances in higlily volatile 
liquids exhibit in the course of lialf an lioiir a whole 
series of changes that are set up in the alleged Avay. If 
for example a little shell-lac varnisli (made by dissolving 
shell-luo in coal-naphtha until it is of the consistence of 
cream) be poured on a piece of paper, the surface of the 
varnish will sliortly become marked by polygonal divisions, 
which, first appearing round the edge of the mass, spread 
toward its centre. Under a lens these irregular polygons 
of five or more sides are seen to be severally bounded by- 
dark lines, on each side of which there are light-colored 
borders. By the addition of matter to their inner edges, 
the borders slowly broaden, and thus encroach on the area 
of the polygoxis, until at length there remains nothing but 
a dark spot in the centre of each. At the same time the 
boundaries of the polygons become curved, and they end 
by appearing like spherical sacs pressed together; strangely 
simulating (but only simulating) a group of nucleated 
cells. Here a rapid loss of homogeneity is exhibited in 
three ways: first, in the formation of the film, which is 
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tlie seat of tliese cliaiigos; seeoiid, in tlie formation of tho 
polygonal sections into which tlvis film divides; and tliird, 
in the contrast that arises between the polygonal sections 
round the edge, where they are small and early formed, 
and those in the centre which are larger and formed 
hiter. 

The instability thus variously illustrated is <>l)viously 
consequent on the fact that the several jjarts of any liomo- 
g^meous aggregation are necessarily exposed to dill'erent 
forces- — forces that differ either in kind or anionnt; and 
being exposed to dilferent forces they are of ntKa^ssity 
differently modified. The relations of outside*, and inside, 
and of coinparative nearness to neighboring sources of 
inilrienee, imply the roceptio)i of iunuences tliat are unlike 
in quantity or qiuiiity, or l)oth; and if follows tliat unlike 
clianges will be produced in the parts thus dissimilarly 
actecl uipom 

For like rea.sons it is manifest that the ))rocess innst 
repeat itself in eacli of tlie sul)ordtnatc groujm of units 
that are diiferentiatod l)y the modifying rorc(‘S, Faeh of 
those subordinate groups, like the <»riginai gron[>, must 
gradually, in obedience to the in0uenc(»s acUng upon it, 
lose its i)alance of parts — must pass frotn a uniform into 
a multiform state. And bo on (tontimmusly. WTu^nee 
indeed it is (dear tliat not only nnist the homo.gencouB 
lapse into the iioii-’liomogeiieous, Init that tin* mort* honuH 
geneous must tend ever to become less lujiiiogtuieons. If 
any given wliole, instead of being alisolutely uniform 
througliout, cxinsist of }>a.ris distinginslialile from eacdi 
other — if each of tlieso parts, while siunewliat unlike* other 
parts, is vuulbrra within itself; then, eacli of ihmn Ixdng 
ill unstable equilibriuni, it follows that while the changes 
set up within it must render it innltiform, they muHt at 
the same time render tlie whole nion^ multiform than 
lief ore. The general principle, now to be followed out in 
its applications, is thus somewluit more (HimprehenHivo 
than tlie title of the chapter imidies. No (leinurrer to 
thti corieliisions drawn can lie hused on tlui ground that 
;|i(n:’f(M:d ^ hojiH)gcnieit^ nowliere exists; simag wind, her that 
state witli wliioh wc (.aimmen.ee he or In*, not o,ii(^! of |,ierfeet 
homogeneity, the' process must iapially bo toward a relative 
hete.rogeneity. 
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§ 150. The stars are distributed with a three-fold irregu- 
larity, There is first the marked contrast between the 
plane of the Milky Way and other parts of the heavens, in 
respect of the quantities of stars within given visual 
areas. There are secondary contrasts of like kind in the 
Milky Way itself, wliich has its thick and thin places; as 
well as throughout the celestial spaces in general, which 
are much more closely strewn in some regions than in 
others. And there is a third order of contrasts produced 
by tlie aggregation of stars into small clusters. Besides 
this lieterogoneity of distribution of the stars in general, 
considered without distinction of kinds, a further such 
heterogeneity is disclosed wlien they arc classified by tlieir 
differences of color, which doubtless answer to differences 
of pliysical constitution. While the yellow «tars are found 
in ali’parts of thelicavons the red and blue stars are not so: 
tliere are wide regions in which botli red and blue stars 
are rare; tliere arc regions in which the blue occur in 
considerable numbers, and there arc other regions in which 
the red are comparatively abundant. Yet one more ir- 
regularity of like siguificanco is presented by the nebuhB 
aggregations of matter which, whatever be their nature, 
most certainly belong to our sidereal system. For the 
nebuhe are not dispersed with anything like uniformity, 
but are a)}undant around the poles of the galactic circle 
and rare in the neighborhood of its plane. No one will 
expect tliat anything like a definite interpretation of this 
structuro can be given on the hypothesis of evolution, or 
any other hypothesis. The most that can bo looked for 
is some reason for thinking tliat irregularities, not improb- 
ably of these kinds, would occur in the course of Evolution, 
supposing it to have taken place. Any one called on to 
assign such reason miglit argue that, if the matter of 
whicli stars and all other celestial bodies consist be 
assumed to liave originally existed in a diffused form 
throughout a space far more vast even than that which 
our sidereal system now occupies, the instability of the 
homogeneous would negative its continuance in that state. 
In default of an absolute balance among the forces with 
which the dispersed particles acted on each other (which 
eonld not exist in any aggregation having limits) he might 
show that motion and consequent changes of distribution 
would necessarily result. The next step in the argument 
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would be tluit in matter of such extreme tenuity and feeble 
cohesion there would ho motion toward local coiitrcs of 
gravity, as well as toward tlie general ooiitrc! of gravity ; just 
as, to use a humble illusti-ation, tlu! particles of a prec.ipi- 
tato aggregate into llocculi at the same time that they sink 
toward' tho eartli. Ho might urge tliai, in the one ease as 
in the other, these smallest and earliest, hieid aggregations 
must gradually divide into groups, eacdi c;oneentrating to 
its own centre of gravity— a proee.ss whie.li mmst repeat 
itself on a largca- and larger scale. In conformity with 
the law that motion once set up in any direction faeeomes 
itself a eanse of suhsofiuent motion in tluit direction, ho 
might further infer that tlio heterogeneities thus set up 
would tend over to become more ju’onounced. Esialdi.shed 
rneelianical ])rineiple8 wouhl justify him in (he concinsion 
that the motions of these irregular _ ma.sscs of .slightly 
aggregaietl nebular matter towar<l (.heir fs»nimmi centre ot 
gravity must lie severally rendered Mirvilinear, liy tlio 
resistance of tbe medium frmn which they wice precipi- 
tated; ami that, in eonsequeiice of the irrignlaritio.s of 
distribution already set np, sn(_'h_ condicting curvilinear 
motions mu.st, by I'oinposition of forces, end in a rotation 
of the ineijnent' sidereal system, lie might witlimit dilli- 
culty sliow that the resulting centrifugal force must so far 
modify the process of general aggregation, u.s to prevent 
anything like uniform distrilmtion of the stars eventually 
formed—that there must ari.se a eoutrast such as we seo 
between tlie galactic ciride and l.hc rest of the hcavenB. 
He might draw the further not nnwarrautahie inrerenee, 
that didereuees in the proiress of local eoimeiitrution w'ouid 
probably result from the unlikeness liet wemi the physieul 
conditions existing uroiiml thegeneral axis of rotat ion and 
those existing elsewhere. 'I’o whiidi he might add, that 
after the formation of distinct stars, the cver-iiiereasing 
irregularities of distribution due to eontinmuiee of the 
same causes wonld jirodneo that patchiness whieh ilistln- 
giiishes the heavens in both its larger and smaller iireas. 
We need not liere, however, commit ourselves to sneli far- 
reaching sjieculations. J*’or tlie piu'po.ses of thtp general 
argument it is needful only to show that any iinite mass 
of (lilfiised matter, even though vast enough to forni our 
whole sidereal systoin, could not be in stable iKjuilibrium; 
that, ju default of absolute sphericity, absolute laiiformity 
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of composition, and absolute symmetry of relation to all 
forces external to it, its concentration must go on with an 
ever-increasing irregularity; and that thus the present 
aspect of the heavens is not, so far as we can judge, incon- 
gruous with the hypothesis of a general evolution conse- 
quent on the instability of the homogeneous. 

Descending to that more limited form of the nebular 
h.ypc>tliesis which regards the solar system as having 
resultod by gradual concentration; and assuming this con- 
centration to liave advanced so far as to produce a rotating 
spheroid of nebulous matter ; let us consider what further 
consequence the instability of the homogeneous necessitates. 
Having become oblate in figure, unlike in the densities of 
its centre and surface, unlike in their temperatures, and un- 
like in the velocities with which its parts move round their 
common fixis, such a mass can no longer be called homo- 
gencous; and therefore any further changes exhibited by 
it as a whole can illustrate the general law, only as being 
cliangcs from a more Immogeneous to a less homogeneous 
state. Changes of this kind are to be found in the trans- 
formations of such of its parts as are still homogeneous 
within tliomselves. If we accept tlio conclusion of 
JjaplacG, that tlie equatorial portion of this rotating and 
contracting sph(3roid will at successive stages acquire a cen- 
trifugal force great enough to prevent any nearer approach 
to the centre round which it rotates, and will so be left 
behind by the inner parts of the spheroid in its still-con- 
tinued contraction, we shall find, in the fate of the 
detached ring, a fresh exemplification of the principle we 
are following out. Consisting of gaseous matter, such a 
ring, even if absolutely uniform at the time of its detach- 
ment, cannot continue so. To maintain its equilibrium 
there must be an almost perfect uniformity in the action 
of all external forces upon it (almost, we must say, because 
the cohesion, even of extremely attenuated matter, might 
siiffice to neutralize very minute disturbances) ; and against 
this the probabilities are immense. In the absence of 
equality among tlio forces, internal and external, acting 
on such a ring, there must be a point or paints at which 
the cohesion of its parts is less than elsewhere— a point or ^ 
points at which rupture will therefore take place. Laplace 
assumed that the ring would' rupture at one place only; 
and would then collapse on itself. But this is a more 
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than questionable assumption — sit oh at least I know to be 
the opinion of an authority second to none among tliose 
now living. So vast a ring> consisting of matter having 
such feeble cohesion, must break tip into many inirts. 
Nevertheless, it is still inferable, from the instal)ility of 
the homogeneous, that the ultimate result whicli IjupL'icc 
predicted would take place. For even supposing the 
masses of nebulous matter into which such a ring separated 
were so equal in their sixes and distances as to attnu*t 
each other with exactly equal forces (which is inflnitely 
improbable), yet the unequal action of exknnial disturbing 
forces would inevitably destroy their equilibrium— there 
would bo one or more points at which luljacent masses 
would begin to part company. ^ Separation, once com- 
menced, would with ever-accelerating speed lead to a group- 
ing of the mavSses. And obviously a like nisult would 
eventually take |)laoc with, tlie groups thus formed, until 
they at lengtli aggregated into a single mass. 

Ijeaving'the region of spe(uilative astronomy, lei ns con- 
sider the Solar System as it at present exists. And Iwrv. it 
will bo well, in the first place, to notea fact which may 

be thought at variance wiili ilie fon^going a-rguimnit - 

namely, the still-continued existence ot Saturn s rings; 
and especially of the internal nel)ulouB ring lakdy liis- 
covered. To the objection that the outer rings maintain 
their equilibrium, tlio reiily is that the (aiinparatively 
great cohesion of lirpiid or solid sulistance wouhl suilKai to 
prevent any slight tendency to rupture from taking elfia;i. 
And that a nebulous ring hero stiU p^^se^V(*B its coutiniuty 
does not really negative the foregoing cmudiisiou; since it 
happens under tlie quite exceptional iniluence of those 
symmetrically disposed forces wliicli tlie external rings 
exercise on it. Hera indeed it deserves to be noted, that 
though at first sight the Saturnian system appears at 
variance with the doetrino tliat a state of luiniogenmty is 
one of unstable equilibrium, it does in reality furnisli a 
curious confirmation of this doctrine. ^For Sainrn is not 
quite concentric with his rings; and it lias lieen proved 
mathematically that were he and his rings concentneally 
situated, they could not remain so; the lioinogencous. 
relation, being unstablev would gravitate into a lietero- 
goneous one* And this fact serves to reniind tis.^of the 
allied one presented throughout the ' wIkiIo' S olar ''Sy stein. 
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All orbits, 'vvlietlier of planets or satellites, are more or 
less eccentric— none of tbem are perfect circles; and were 
tliey perfect; circles they would soon become ellipses. 
Mutual perturbations would inevitably generate eccen- 
tricities. That is to say, the homogeneous relations 
would laiose into heterogeneous ones. 

§ 151. Already so many references have been made to 
tlie gradual formation of a crust over the originally incan- 
descent Earth, that it may be thought superfluous again to 
name it. It has not, however, been before considered in 
connection with the general principle under discussion. 
Here then it must be noted as a necessary consequence of 
the instability of the homogeneous. In this cooling down 
and solidification of the Earth’s surface, we have one of 
the simplest, as well as one of the most important, 
instances of that cliange from a uniform to a multiform 
state which occurs in any mass through exposure of its 
different ].)arts to different conditions. To the differentia- 
tion of tlio Earth’s exterior from its interior thus brought 
about, we must add one of the most conspicuous differ- 
entiations wliieh tlio exterior itself afterward u'ndergoes, 
as being similarly brought about. Were the conditions to 
whicli the surface of the Earth is exposed alike in all 
diroc^tions, there would be no obvious reason why certain 
of its parts should become permanently unlike the rest. 
But being unequally exposed to the chief external centre 
of force— the Sun — its main divisions become unequally 
modified : as the crust thickens and cools, there arises that 
contrast, now so decided, between the polar and equatorial 
regions. 

Along with these most marked jibysical differentiations 
of tlie Earth, whicli are manifestly consequent on the in- 
stability of the liomogoneous, there have -been going on 
niunerous chemical differentiations, admitting of similar 
interpretation. Without raising tlie question whether, 
as some think, the so-called simple substances are them- 
Hcdves componinled of unknown elements (elements which 
wo cannot separate by artificial hetit, but which existed 
Boparately when the heat of the Earth was greater than any 
which we can produce— without raising this question, it 
will suffice the present purpose to showTiow, in place of 
that comparative homogeneity of the Barth’s crust, chemi- 
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callY considered, which must have existed when its temper- 
ature was high, there has arisen, during its cooling, an 
increasing chemical heterogeneity: eacli element or eoni- 
pound, being unable to maintain its homograeit^ in 
presence of various siirrouiuliug aliinities, having hnhm 
into heterogeneous conibiiiations. .fjct us contcinpLitethis 
change somewhat in detail. There i.s every reason to 
believe that, at an extreme heat, the bodies we call elements 
cannot combine. Even under such heat as can be gener- 
ated artificially, some very strong affinities yield; and the 
great maiority of chemical compounds are decomposed at 
much lower temperatures. Wlience it seems not iniprob- 
able that, when the Earth was in its _fir,st_ state ol in«in- 
doscence, there were no chemical combinations at .ill. I3ut 
witlioiit drawing this iiiference, let us setout witli the un- 
ciuestionable fact that the com]>ounds wliich can exist at 
the highest temperatures, and whic-li must therefore have 
been the first formed as the Earth cooled, are those of the 
Bimplest constitutions. Tlio protoxides-— ineluding un- 
der that liead the alkalies, earths, etc., are, as a class, the 
most li.xed compounds known : the majority ot them re- 
sisting decomposition hy any lieat wo can generate. 
These, consisting severally of one atom of each component 
eicmeiit, are combinations of the simplest order — are but 
one degree loss homogeneous than tlio elements themselves. 
More heterogeneous than these, more decomjKisaldo hy 
heat, and therefore later in the Earth’s history, are the 
dentoxides, tritoxidcs, peroxides, etc.; in which twu), 
three, four, or more atoms of oxygen are united witli omi 
atom of metal or otlier base. Si.ill le.ss ahlo to resist 
heat are the siilts; which present us witli compound atoms 
each made up of five, six, seven, eigiit, ten, twelve, or 
njoro atoTHS, of throe, if not more, kinclH* J hcni tlun*o 
are the •hydrated salts, of a yet greater heterogeneity, 
which undergo partial decomposition at much lower tem- 
peratures. After them come the further-compHeated 
aupersalts and double salts, having a stahility again de- 
creased; and so throughout. After iiiuking a few_ un- 
important (jualifications demanded liy peculiar alfimties, 1 
believe no cliemi.stwill deny it to bo a general law of these 
inorganic combinations that, other things equal, tlio sta- 
bility decreases as the complexity increases. And then 
when wo pass to the compounds that make up organic 
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bodies, we fmd this general law still further exemplified: 
we find much greater complexity and much less stability. 
An atom of albumen, for instance, consists of 482 ultimate 
atoms of five dillerent kinds. Fibrine, still more intricate 
in constitution, contains in each atom 298 atoms of car- 
bon, 49 of nitrogen, 2 of sulphur, 228 of hydrogen, and 
92 of oxygen — in all, GGO atoms, or, more strictly speak- 
ing, equivalents. And these tAvo substances are so un- 
stable as to decompose at quite moderate temperatures; 
as that to which tlie outside of a joint of roast meat is 
expoKsed. Possibly it Avill be objected that some inorganic 
compounds, as pliosphuretted hydrogen and chloride of 
nitrogen, arc more decomposable than most organic com- 
pounds. This is true. But the admission may be made 
witliout damage to the argument. The proposition is not 
tliat all simple combinations are more fixed than all com- 
plex ones. To establish our inference it is necessary only 
to sliow that, as an average fact^ the simple combinations 
can exist at a higlier temperature than the complex ones. 
And this is wholly beyond question. Thus it is manifest 
that the present chemical lieterogeneity of the Earth’s 
surface has ai’isen by degrees as tlie decrease of heat has 
permitted; and that it has sliown itself in three forms— 
first, in tlie multiplication of chemical compounds; sec- 
ond, in the greater nuniber of dillerent elements contained 
in the more inodern of these compounds; and third, in the 
higlier and more varied multiples in which these more 
numerous elements combine. 

Without specifying them, it will suffice just to name 
the meteorologic processes eventually set up in the Earth’s 
atmosphere, as further illustrating the alleged law. They 
equally display that destruction of a homogeneous state 
which roBults from unequal exposure to incident forces. 

§ 152. Take a mass of unorganized but organizable mat- 
ter^ — cither the body of one of the lowest living forms, 
or the germ of one of the higher. Consider its circum- 
stances, Either it is immersed in water or air, or it is 
contained within a pareftt organism. Wherever placed, 
however, its outer and inner parts stand differently relat- 
ed to surrounding agencies— nutriment, oxygen, and the 
varions stimuli. But this is mot all. Whether it lies qui- 
escent at the bottom of the water or on the leaf of a plant; 
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whether it moves' through the water preserving some defi- 
nite attitude; or whether it is in the inside of an adult; 
it equally results that certain parts of its surface are more 
exposed to surrounding agencies than other parts — in some 
cases more exposed to liglit, heat, or oxygen, and in otliers 
to the maternal tissues and their contents. Hence must 
follow the destruction of its original equilibrium. This 
may take place in one of two wa^s. Either the _disturl)ing 
forces may be such as to overba'lanco tlie afflnitie.s of the 
organic elements, in which case there result those chang(« 
which are known as decomposition, or, as is ordinarily the 
case, such changes are induced as do not destroy the or- 
ganic compounds, but only modify them; the parts most 
exposed to the modifying forces being most modiiicd. To 
elucidate this, suppose Ave take a fonv c:i.scs. 

Note first what appear to bo exceptions. Certain ini- 
nnte animal forms presemt us either with no apprecdalrlc 
differentiations or xvitii differentiations so obseiua! a.s to lie 
made out with groat ditlieulty. In tlic Itliizopods, the 
substance of the jelly-like body remains throughout life 
unorganized, even to the e-xtent of Iiaving no limiting 
membrane; as is proved by the fact that the tlireud-liko 
processes protruded by the nnuss coalesce on touching each 
other. Whether or not tlie nearly allied Aniuflm, of which 
the loss numerous and more bulky processes do not coalesce, 
has, as lately alleged, something like a cell-wall and a nu- 
cleus, it is clear that the distinction of parts is very 
slight; since particles of food pass bodily into the inside 
through any part of the ixiripliery, and since when tim 
creature is oruslied to picce.s, eacli piece behaves as the 
whole did. Now those cases, in Avliich there is cither no 
contrast of structure between exterior and interior or vesry 
little, though seemingly opposed to the alxive inference, 
are really very significant cvidencics of its trutii. For 
what is the peculiarity of this division of the Protomif 
Its members undergo perpetual and irrcguhir changes of 
form — they show no persistent relation of parts. What 
lately formed a portion of the interior is now protrude*!, 
and, as a temporary limb, Js attached to some object it 
happens to toiieli. What is now a part of the surface will 
prasontly bo drawn, along with tlio atom of nutrirrumt 
sticking to it, into the centre , of the mass. Either the 
relations of inner and outer have no permanent oxistenco, 
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or they are Tory slightly marked. But by the hypothesis, 
it is only because of their unlike positions with respect to 
modifying forces, that the originally like units of a living 
mass become unlike. We must therefore expect no estab- 
lished dilferentiation of parts in creatures which exhibit 
no established differences of position in their parts, and 
we must expect extremely little differentiation of parts 
where the differences of position are but little determined 
— which is just what we find. This negative evidence is 
borne out by positive evidence. When wo turn from these 
protciform specks of living jelly to organisms having an 
unchanging distribution of substance, we find differences 
of tissue corresponding to differences of relative position. 
In all the higlier Frolozoa^ as also in the Protophyta^ we 
meet with a fundamental differentiation into cell-mem- 
brane and cell-contents; answering to that fundamental 
contrast of conditions implied by the terms outside and 
inside. On passing from what are roughly classed as uni- 
cellular organisms to the lowest of those which consist of 
aggregated cells, we equally observe the connection between 
structural differcucos and differences of circumstances. 
Negatively, we sec that in the sponge, permeated throughout 
by cuirrents of sea-water, the indefiuiteness of organization 
corresponds with tlie aI)scnco of definite unlikeness of condi- 
tions: the peripheral and central portions are as little con- 
trasted in striurdure as in exposure to snrrouncling agencies, 
Wliilc positively wo sec that in a form like the Thalassi- 
colla, which, tlimigh equally bumble, maintains its outer and 
inner parts in ])ermanently unlike circumstances, there 
is displayed a rude structure obviously subordinated to the 
primary relations of centre and surface; in all its many 
and im'porttint varieties, the parts exhibit a more or less 
concentric arrangement. 

After tliis primary modification, by which the outer 
tissues arc (lilferentiated from the inner, the next in order 
of constanej and importance is that by which some part 
of the outer tissues is dillerentiated from the rest; and 
this correBponds with the almost universal fact that some 
part of the outer tissues is more exposed to certain environ- 
ingrirdhiences than the re^ Here, as before, the appar- 
ent exceptions are extremely significant.^ Some of the 
lowest vegetal organisms, m the Henmtococed md Protococciy 
..nvexily Imbedded ,m ,a mass.of mucus,', or, dispersed' through 
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■ the'; Arctic snow, (lisplaj no' differentiations of siirfaeo; 
the several parts of their ■surfaces ■being sii'bjeetod to no 
definite contrasts of conditions, ciliated splierc^s such as 
the Volvox liavc no parts of their peri|)liery indikci oilier 
parts, and it is not to bo expected tliat they sliould have, 
since, as tlicy revolve in all directions, they do not, in 
ti*aversing the water, pennanontly expose any part to spec- 
ial conditions. But when we coiiic to organisms tliat are 
either fixed, or while, moving preserve definite attitudes, 
wo no longer find nniforniity of surface. Tiic nmst gen- 
eral fact which can he asserted with respect to thestrnctrires 
of plants and animals is, tlnit Innvever iniudi alike in 
shape and texture the various jiarts of the extcodor may at 
first be, tliey acquire nnlikenesses corres{)onding to tiio 
iinlikencsses of their relations to surrounding agemncs. 
The ciliated germ of a Zotjpliyte, wliicli, during its loco- 
motive stage, is disiingtnshahle ordy into outer and iimer 
tissues, no sooner becomes fixed, than ils upper end begins 
to assume a. difhrrent structure from it;s lower. I’ho dis(5- 
sliapcd of the Marclutniia, originally alike on l>oih 

surfaces, and falling at random with (dither side uivjier- 
most, immediately begin to devclo}) rootlets on iln^ under 
side, and domata on the upper side: afactprovitig beyond 
question that tins primary differentiation is deterniinad 
by this fmidamental contrast of conditions. 

Of course, in the gei'ins of higlier organisms, tlie rneia- 
mor|)lioses iinracdiately due to the instalnlity <»f the homo- 
geneous arc soon masked by those dm^ to the assumption 
of the hereditary ty|)e. Sncli early changes, liowevm*, as 
arc c()nriiion to ail (hisses of organisms, and so cannot lio 
ascrilied to lieredity, entirely (conform to Om hypedhesiH. 
A germ whie.Ii lias undergone no (iev(‘loj)ni(niial niodithai- 
timis consists of a spheroidal group of htiijuigcm'ous cidls. 
IJiriversa'IIy, the first stop in its evolution is iiie CHtab- 
Hshment of a dilTerenco between some of the pcri|»lHtraI 
Ci'ils am'l tlie cells which form the intiU’iin*— ■%s<>nie of tlm 
peripiieral cells, alter repeated siamtaneotiH liasioim, (toa- 
lesco into a riHunlirane, and by eontinuaiice of tlie proci^ss 
tills nu'snihriino spreads until it sj'Hxslily invests the (miire 
mass, as in mammals, or, m in Idrds, stoi'is short of tiiat 
for some time. Here we have two significant huda. The 
first is, that tlii^ primary nnlikeness "arises betwixm the ex- 
terior and the interior. The second is, that the change 
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wliicli tlms initiates development does not take place 
simultaneously over the whole exterior; but commences at 
one phice, and gradually involves the rest. Now these 
facts are just those winch might be inferred from the in- 
stability of the liomogeneous. The surface must, more 
than any otlier part, become unlike the centre, because it 
is nu)st dissimilarly conditioned ; and all parts of the, sur- 
face cannot siinultaneously exhibit this differentiation, be- 
cause tliey cunnot be exposed to the incident forces with 
iibsoluto uniformity. One other general fact of like im- 
plication remtiiTis. Wliatever be the extent of this peri- 
plieral layer of cells, or blastoderm as it is called, it pres- 
ently divides into two layers — the serous and mucous; 
or, as they luvvc been otherwise called, the ectoderm and 
theendoderrm Tlie first of these is formed from that por- 
tion of tlio layer which lies in contact with surronnding 
agents, and the second of them is formed from that por- 
tion of tlie layer which lies in contact with the contained 
mass of yelk, Tliat is to say, after the primary differen- 
tiation, more or less extensive, of surface from centre, 
the resulting superficial poidion undergoes a secondary 
dilTorentiadon into inner and outer parts — a differentiation 
which is of tlie same order with the preceding, and 

answers to the next most marked contrast of conditions. 

lint, as already liinted, this principle, understood in 
the simple form licre presented, vsnpplies no key to the 
detailed phenomena of organic development. ^ It fails en- 
tirely to explain generic and specific peculiarities, and in- 
deed* leaves us equally in the dark respecting those more 
important distinctions by which families and orders are 
marked out. Why two ova, similarly exposed in the same 
pool, should become the one a fish, and the other a reptile, 
it camiot tell us. That from two different eggs, placed 
under the same hen, should respectively come forth a 
duckling and a cliicken, is a fact not to be accounted for 
on the hypothesis above developed. W"e have here no al- 
ternative but to fall back upon tlie unexplained principle 
of liereditary transmission. The capacity possessed by an 
unorganized germ of unfolding into a complex adult, 
whicl repeats ancestral traits in the minutest details, 
and that even wlien it has been placed in conditions unlike 
those of its ancestors, is a capacity we cannot at present 
understand. That a microscopic portion of seemingly 
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structureless matter should embody an infliieiiee of biicIi 
kind tliat the resulting man will in fifty years after be- 
come gouty or insane, is a trutli wlucli would be iiicredililo 
were it not djuly illuBtrated. Should it however turn out, 
as we shall herea-fter find reason for suspecd-i ng, that these 
oomptex differentiations whi(>h adults exlribit are tliem- 
solves the slowly acciimnhited and transmitted results of a 
process like that seen in tlic first changes of the germ, it 
will follow that even those embryonic chaiiges tine ko 
reclitary influence arc remote consetpiences of tlie alleged 
law. Should it be shown that the slight modiiieations 
wrought during life on (uich adult, and l)e<|iieathed to off- 
spring along with all like preceding modifications, are 
themselves nnlikenesses of parts that are produced ly iin- 
likenesses of conditions, then it will follow tliat; tlie mod- 
ifications displayed in the course of embryonic development 
are |)artly direct ctmsfiqueiUHvs of the iiistability of the 
homogeneous, and |)artly indiretd; (^onsetpieiHu^B of it. ’^Po 
give reasons for cirtcirtaining tliis liyj)etlH‘sis, Ijowevtnq is 
not iieedfid for the justification of the position liero i.akim. 
It is emough that the most eonspicuons difierentiations 
wliich incipient organisms universally display eon*(‘S}Jond 
to the most marked dilferences' of conditions t<) wliich tlieir 
parts are subject. It is enougli tlmt the habitual contraBt 
between outside and inside, wliich we hiow is produced 
in inorganic masses liy milikenesB of exposure to incident 
forces, isstricitly |)araileled by tlio first con tnist tliat makes 
its appearance in Oili oi'ganii^ masses, 

^ It remains to point out that, iu the a,sseml>lag(^ of organ- 
isms constituting a speeies, ihe primdple (miuuuated is 
'equally traceable. Wo have abundant materials for the 
induction that each species will not remain uniform, but 
is ever becoming to some extent multiforrn, and ilunn is 
ground for tlie deduction tlmt this lapse from lummgt^ueity 
to heterogcineity is caused by the subjection (ff its UHanbera 
to, unlike scjfs of. circunistances, fact tliat in every 

sjHKiies, aiiimal^ and vegetal, the individuals arc never 
quite alike, joined wdtli tlw faet tliat tbrn’i^ is in every 
species a temlency to tlie production of-differem*es marked 
enough, to constitutci varii.dies, form a sufladinitly wide 
■basis .for tiny induciicm;' while the deduction is confirmed 
by '.tlie familiar experience that varieties are most imwer- 
ous: and dt,ieided, where, m among cultivated plants' .and 
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domestic animals, the conditions of life dejaart from the 
original ones most widely and in the most numerous ways, 
Wliether we regard “ natural selection” as wholly, or only 
in part, the agency through which varieties are established, 
matters not to the general conclusion. For as the survival 
of any variety proves its constitution to be in harmony 
with a certain aggregate of surrounding forces — as the 
multiplication of a variety and the usurpation by it of an 
area previously occupied by some other part of the species, - 
implies diilereut elfects produced by such aggregate of 
forces on the two, it is clear that this aggregate of forces 
is the real cause of the differentiation — it is clear that if 
the variety supplants the original species in some localities 
but not in others, it does so because the aggregate of 
forces in the one locality is unlike that in the other — it is 
clear that the lapse of the species from a state of homo- 
geneity to a state of heterogeneity arises from the exposure 
of its different parts to different aggregates of forces. 


§ 153. Among Tnontal phenomena it is difficult to estab- 
lish the alleged law without an analysis too extensive for 
the occasion. To show satisfactorily how states of con- 
sciousness, originally homogeneous, become heterogeneous 
tlirough differences in tlie changes wrought by different 
forces, would re(|uirc us carefully to trace out the organi- 
zation of early experiences. Were this done it would be- 
come manifest that the development of intelligence is, 
under one of its chief aspects, a dividing into separate 
classes the unlike things previously confounded together 
in one classi — a formation of sub-classes and sub-sub-classes, 
until tlie once confused aggregate of objects known is re- 
solved into an aggregate which unites extreme heterogeneity 
among its multiplied groups with complete homogeneity 
among the members of each group. If, for example, we 
followed, through ascending grades of creatures, the gei> 
esis of that vast structure of knowledge acquired by sight, 
we sliould find that in the first stage, where eyes suffice lor 
nothing beyond the discrimination of light from darkness, 
tlie only possible classifications of objects seen must be 
those based on the manner in which light is obstructed, 
and tlie degree in which it is obstructed. We should find 
that, by such undeveloped visual organs, the shadows tra- 
yersing the rudimentary retina would be merely distin- 
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guislied into those of tho stationary objects which the 
creature passed during its own movements, and tliose of 
the moving objects which came near the creatiiro while it 
was at rest; and that so the extremely general classiiiea- 
tion of visible things into stationary and moving would 
be the earliest formed. We should find that wliereas tlie 
simplest eyes are not fitted to distinguish between an ob- 
struction of liglit caused by a small object (dose to, and an 
obstruction caused by a large object at some distance, eyes 
a little more developed must be competent to sueli a (iis- 
tinetion; whence must result a vague diilcrontiation of 
the class of moving objects into the nearer and the more 
remote'. We should find that such further inijirovements 
in vision as those whicdi make possible a better estimation 
of distances by adjustment of the optic*, axes, and those 
which, through enlargement and subdivision of tlie retina, 
make possible the discrimination of sliapes, must luive the 
effects of giving greater definiteness to the (rluss<‘s alreiuly 
formed, and of sidxlividing tiiese into smalle.r classed 
consisting of ohjecits less unlike. And we should find t,hat 
each additional refinement of the iierc^eptivcMirgaiis must 
similarly lead to a multiplication of divisions and a sliarp- 
ening of the limits of each division. In every iid'ant 
might be traced tlie analogous transformation (if aeon- 
fused aggregate of impresvsions of surrounding olijectB, 

not recognized as differing in their (listances, sizcis, ajid 

shapes, into separate classes of ol)jc‘cts unlike each oilier 
in these and various other respects. And in tlie one (*ase, 
as in the other, it might bc^ shown that the (•luinge from 
this first indefinite, incoherent, and cornparativcily Iiorno 
geneouB consciousness to a definite, cohenmt, and hetero- 
geneous one, is due to flifferenees in ttio atdioris of inci- 
dent forces on tlie organism* 'I'hese brief indications of 
what might be shown, did space permit, must liere sufiice. 
Probably they will give adcHpiate (dew to an argument liy 
which each reader may satisfy Iiimsidf that the course (>f 
menial evolution offers no ex(;option to the gtmeral law* 
In further aid of su(;h an argument, I ■will iurri^ add an 
illustration tliat is comprehensible apart from tluj proct‘SB 
of mental evolution as a whole* 

It has been remarked (I am told by Coleridge, tlioiigli I 
have been unable to find the passage) that wiih tlicf ad-' 
?ance of language, words which were originally alike in 
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tlieir meaiBings acquire unlike meanings — ^a change which 
ho expresses by the formidable word desynonymijsation/* 
Among indigenous words this loss of equivalence cannot 
be clearly shown; because in them the divergencies of 
Tneaning began before the dawn of literature. Eiit among 
AVordvS that have been coined, or adopted from other lan- 
guages, since the writing of books commenced, it is de- 
monstrable. In tlm old divines miscreant is used in its ety- 
mological sense of mibeliever; but in modern speech it has 
entirely lost this sense. Similarly with and male- 

factor: exacjtly synonymous as tliese are by derivation, they 
’are no longer synoiiyinotis by usage: by a inalef actor \mnoW 
understand a convicjted criminal, wliicli is far from being the 
acceptation of (mi-doer. The verb prodme bears in Euclid 
its primary meaning— to prolomj^ or dmw out; luit tlio 
BOW largely developed nieanings of have little in 

c()mmoii with tlio mea,nings of pr()l()n(p or (Iriiw out. In 
the Chiircdi of England liturgy, an odd elfect results from 
the otanirrence <d. preimrt in its original sense — to come he- 
/we, instead of its modern specialized sense — to come before 
'with the (ffed (f (trr (is f mg. But the most conclusive cavses 
are those in wlu<ih the (contrasted words comsist of the 
same parts dilTerently combined; as in go 'wndsr and under- 
go. We go uouhr Ui tree, and we undergo a pain. But 
thougli, if analytic.ally considered, the meanings of thcjse 
expressions would lie tlio same wore the words transposed, 
habit has so far modifier I their meaning tliat we could not 
witliout absurdity speak of undiyrgoing a tree and going 
under a pa.in. Oountless sucli instances might b(3 brcniglit 
to allow tliat lietwceii two words which are originally of 
like force an (M|iiilibriiun cannot be maintained. Unless 
tluiy are daily used in exactly equal degrees, in exactly 
similar relations (against winch there arc infinite prob^ 
aliilitic^s), there ruiccssariiy arises a habit of associating 
()ne rather tlian tlie otlier witli particular acts or olijects* 
yuch a habit, orn^e commencMul, becomes confirmed, and 
gradually their homogemeity of meaning disappears. In 
e.acli individual we may see the toiidenoy which inevitably 
loads to this result. A certain vocabnkry and a certain 
set of phrases' distinguish, the speech, of,' each person; each' 
person liabitiially uses certain words in places where other 
words arc liabitiially used by other persons; and there is a 
eontinual recurrence of favorite expressions. This inabil- 
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ity to maintain a balance in the tiseof verbal symboiK which 
characterizes every man cliaracterizes, })y conseqnence 
aggregates of men, and the dcsynonymization of worlls’iq 
the ultimate effect. 

Should any difficulty be felt in understanding Innv these 
mental changes exemplify a law of ])Iiysic!il transf<)rniaf;ioii,s 
that are wrought by physical forces, it will disappear on 
contemplating acts of mind as nervous fmictions. It will 
be seen that each loss of equilibrium above inst!iiiced ' is a 
loss of functional equality betAveen some two elements of 
the nervous system. And it will be seen that, as in other 
cases, this loss of functional equality i.s due to differences 
in the incidence of forces, 

§ Masses of men, in common Avith nil other ma.sses 
show a like proclivity similarly caused. Small combit, 2 
tions and large societin.s equally miinil'e.st it, and in (1,,. 

governmental and imhiHtriai 
differentiations are initiated by it. Let ms ffitinco at f , 
facts under these tAvo heads. ^ 

A business partnership, balanced as tlm authorities of 
its_members may theoretically he, practically he.im.ts 
union m which the authority of one partner is hicitlv 
recognize.! as greater than that of the other or othm 
Jliongh the shareholders have given equal riowerg to the 
directors of their company, ineq.mlitiosif itoivm Zn.St 
among them, and usually the suprema.ty of s. tne 
groAvs so marked that his decisions .ieterniim , , 

chaiitable, literary, or otlicr jHiriifiscs do wc! fuil io fin/i /» 
like pi'ocess of division into donunant 'mrK/ . r 

ence, and its mass of uiiinlluentitd members. Tiawt , : 

instances m which unorganized urouns of rM,.,, ta - 
in homogeneous relations, may Iw^Av.at dic,| tr -i. i-.t v 

barons and civTli^,! 

by separation into classes as w! rf oharucterized 

class into more imSS nJ'i " Hcptiralion of (.u<di 
this structureTs SSlv .o Jim «;«its; and 

suit of a process likfi fhai n n ^ eouHfdidfihid re- 

otter eoM^bSoS sLSiriZ"""' *»'l 

oo long as men arc constituted to 
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act on one another, either by physical force or hy force of 
character, tlio struggles for supremacy must finally he de- 
cided in favor of some one, and the difference once com- 
menced must tend to become ever moi'e marked. Its 
unstable ecpiilibrinm being destroyed, the uniform must 
gravitate with increiBing rapidity into the multiform. 
And BO supremacy and subordination must establish them- 
selves, as we SCO they do, throughout the whole structure 
of a society, from the great class-divisions pervading its 
entire body, down to village cliques, and even' down to 
every posse of school-boys. Probably it will be objected 
that such changes result, not from the homogeneity of the 
original aggregations, but from their non-homogeneity— 
from certain slight differences existing among their units 
at the outset. Phis is doubtless the proximate cause. In 
stricitness, such changes must ho regarded as transformations 
of the relatively homogeneous into the relatively hetero- 
geneous. But it is abundantly clear that an aggregation 
of men, ab-solutely alike in tlunr endowments, wohld event- 
ually uiulorgo a similar triinsformation. For in the absence 
of perfect uniformity in the lives severally led by them— 
in their occupations, physical conditions, domestic rela- 
tions, and trains of tliought and feeling — there must arise 
differences among them; and these must finally initiate 
social dilferentiatious. 'Even inequalities of health caused! 
bj' accidents must, by entailing inequalities of physical 
and nicntal power, disturb the exact balance of mutual 
influences among the units, and the balance once dis- 
turbed, must inevitably be lost. Whence, indeed, besides 
seeing that a body of men absolutely homogeneous in their 
governmental relations must, like all other homogeneous 
bodies, become beterogeneous, we also see that it must do 
this from the sanic ultimate cause — mxeqnal exposure of 
its parts to incident forces. 

Phe first industrial divisions of societies are much more 
obviously due to unlikeuesses of external circumstances. 
Such divisions are absent until such uni ikeneeses are es- 
tablished. Nomadic tribes do not permanently expose any 
groups of tbeir members to special local conditions; nor 
does a stationary tribe, when ocenfrying only a small area, 
maintain from generation to generation marked contrasts 
in the local conditions of its members, and in such tribes 
there are no decided economical difereutiations. But a 



FIRST PRINCIPLES, 


conimimity -wliicli, growing poptilons, lias overspread a large 
tract, and has liecoino so tar settled that its inemlHirs live 
and die in their respective districts, keeps its several sec;- 
tions in different ])hysical cireunistances; and tlien they 
no longer remain alike in their o<‘.cu])ations. Those who 
live dispersed continue to luint or cultivate tlie earth; 
those who spread to the sea-sliore fall into nuiritime occu- 
pations; while the inhabitants of some spot chosen, per- 
haps for its centrality, as one of periodical tisseinblage, 
become traders, and a town springs ti]). Eacli of these 
classes undorgooa a modiilcation of cluiractcr (consequent on 
its function,, and lietter fittiug it to its fiinclvion* Later 
in the process of social evolution tlicse lotcal ad;i|>i :itions aj’c 
greatly multiplied. A result of dilTcrences in soil ami 
climate is tliat tlic rural inhalvitants in di {Tertud. pari-s of tlvc 
kingdom have tlieir occupations partially spinvialized, and 
become respectively d istingu ished as cliielly (iroduoing 
cattle, or slieop, or wlicat, or oats, or hops, or cidej*. Peo- 
ple living wliere coal-fields arc discanavrcHl ari’s i,ra-nsforriuul 
into colliers; Lornishmen take to mining b(‘causc (Corn- 
wall is metalliferous; and the inm-nuiunfaeiure is tlie 
dominant industry whore iron-stone is pleutiful. Ijivcr- 
pool has assumed tlie oftico of importing cotton, in conse- 
quence of its proximity to the district whore cotton goods 
are made, and for analogous reasons Hull has become the ' 
chief port at whicli foreign wools are lirouglit in. hl\1;*.n 
in the establisliment of brewerit^s, of dye-works, of slate- 
qrurrries, of brick-ya<rds, wc may sec tlm sa.mc tiniili. Ho 
that, both in general arid in (h^tail, the vSpeciaiixations of 
the social organisms which (diaracterixc sepa,rai.c distrit*.ts 
primarily depend on locad circumstaiuH's. Thesis divisions 
of labor, which under another aspect were interprided as 
due to the setting up of motion in the directions of least 
resistance (§ BO), are hero inter[)retcd as due to (lilTerenc^es 
in the incident forces, ami tlie two iiitc(rpri‘,tations aire 
quite (Kmsisterit witli eacli oilier. For that, which in each 
case dderm/ines the direction of least resistiinec is tlie 
distribution of the forces to be overcome; and heme uii-, 
likenesses of distribution in separate localities entails un- 
likenesses in tlie course of' liuman action in those localities 
~entailB industrial dillerentiatiouB. . 

V", § 155. It. has still to be .shown that thiS; general 'truth is 
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demonstrable a prior i. We liave to prove specifically tliat 
the instability of the homogeneous is a corollary from the 
persistcixco of force. Already this has been tacitly implied 
by assigning unlikeness in the exposure of its parts to sur- 
rounding agencies, as the reason why a uniform mass loses 
its uniformity. But here it will be proi)er to expand this 
tacit implication into definite proof. 

On striking a mass of matter with such force as either 
to indent it or make it fly to pieces, we see both that the 
blow affects differently its different parts, and that the 
differenc'es are consequent on the unlike relations of its 
parts to the force impressed. The part with which the 
Btriking body comes in contact, receiving the whole of 
the ccunmunicated momentum, is driven in toward the 
centre of the mass. It thus compresses and tends to dis- 
place the more centrally situated portions of the mass. 
^J^hese, however, cannot be conipressod or thrust out of 
their phases iVitliout pressing on all surrounding portions. 
And wlien tlio blow is violent enougli to fracture the mass, 
we see, in tlie radial dispersion of its fragments, tliat the 
origiual inomentum, in being distributed throughout it, 
has been divided into numerous minor momenta, unlike 
in their directions. Wo see tiuit these directions are de- 
termined l)y the positions of the parts with respect to each 
otheu*, and with respect to the point of impact. We see 
tluit tlio parts are dill'erentiy affected by the disruptive 
force, because tlicy are diflb-rently related to it in their 
dirixetioris and attacliments — that the effects, being the 
Joiiit products of the ca the conditions, cannot bo 

alike in parts 'wliicli are differently conditioned. A body 
on wliich radiant heat is falling exemplifies this truth 
still more clearly. Taking the simplest case (that of a 
spliere), we see tliat while the part nearest to the radiating 
centre receives the rays at right angles, the rays strike the 
otlier parts of the exposed si tic at all angles from 90" down 
to 0". Again, tlio molecular vibrations propagated through 
the mass from the surface which receives the heat must 
proceed inward at angles di fibring for eacli point. Fur-- 
tiler, tlio interior parts of the spliere affected by tlie vibra- 
tiihia iiroceeding from all points of the heated side must 
be dissimilarly affected in proportion as their positions are 
dissimilar. So that whether thojr be on the recipient area, 
in the middle, or at the remote side, the constituent atoms 



m 


FIRST ■ miNOTPLEB. 


arc all thrown into states of vibration more or less unlike 
eacli other* 

But now, what is the ultimate meaning of the condusion 
that a uniform, force produces different cliaiigea througli- 
ont a uniform mass, because the parts of the mass stand in 
different relations to tlie force? Bully to understaiul tins, 
wo must contemplate each part as BiTniiltaneously subject 
to other forces — -those of gravitation, of coliesion, of mo- 
leeular motion, etc. The effect wrought 1 )y an atlditional 
force must be a resultant of it and the forces already in 
action. If the forces already in action on two parts of any 
aggregate are different in their directions, the effects pro- 
duced on these two parts by like forc'-es ninst be dilTci’Cirt 
in their directions. Why must tliey hi) diirereut? Tliey 
must bo different because su(*h unlikeness as exists IxrtwcHUi 
the two sets of factors is made by the prestmee in tlic one 
of some specially directe.d force that is not pi’(]sent in t.lie 
otiicr; and that this forego will produce an cifcct render- 
ing tlio total -result in tlio one case nnlikt^ that in the other, 
is a necessary corollary from the persisteiU'C of foiUHi. 
Still more manifest does it heconu^ tliai tlie dissimihirly 
placed parts of any aggregate nmst l)e dissimilarly mo<i- 
ified by an incident force, when we nunember tluit the 
qtumfdlies of tlie incidemt force to whioh tliey are severally 
subject are not ccpial, as above supposed; Init are nearly 
always very nnoquuL Tlie ontcu’ parts of masses an^ tisu- 
ally alone exposed to chemical a,(duons, a,nd not only are 
their inner parts shielded from tlio atllniticss of external 
clomeiits, but such affinities are lirouglit to I/ear une(|uaily 
0X1 tlieir surfaces; since cliemicul aidJon sets up cumuits 
through tlio inodium in whicli it takes |)Iuee, and so brings 
to the various parts of tlie Burfueo um^rpnil quantities of 
the active agent. Again, tlie amounts of any external ra- 
diant force wliicli tlio different purls of an aggrignit.e re- 
ceive are widely contraHted : wo have the (ton trust betweten 
tlie (|uantity falling on the side xutxt the radiating (‘eiitre, 
and the quantity, or rather no <|U}Uitity, I’alliug on l/lu*. op- 
posite sifk; we liave contrasts in quantiii{*s reiteived by 
cliihirently jilaced areas on the ex])osed sidtq and W(t have 
endhxss coutrastB lietween the quantities received by the 
various jiarts of tlio interior. Similarly when meiBanical 
force is expended om any liggregate, either by pollisioti, con- 
tinued' pressure,, or tension, the. amounts of strain vdistrib* 
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tited tliroughoiit tlie mass are manifestly unlike for unlike 
positions. But to say tlie different parts of an aggregate 
receive different quantities of any incident force, is to say 
tliat their states a.re modified hy it in different degrees — is 
to say that if tliey were before iiomogeneous in their rela- 
tions tliey must be rendered to a proportionate extent 
Jieterogeneous; since, force being persistent, the different 
quantities of it failing on the different parts must work 
in tliern differ(3nt quantities of effect — different changes. 
Yet one more kindred deduction is required to compiote 
the argument. We may, by parallel reasoning, reach the 
conclusion that, even aj)art from tlie action of any external 
force, the equilibrium of a homogeneous aggregate must 
be destroyed by the unequal actions of its parts on each 
otlier. That mutual influence which produces aggregation 
(not to mention other mutual influences) must work differ- 
ent effects on the different parts; since they are severally 
exposed to it in unlike amounts and directions. This will 
l)c clearly seen on rernembering tliat the portions of which 
the wliolcT is made up may be severally regarded as minor 
whoh‘.s; tliat on eacli of these minor wholes, the action of 
tlie entire aggregate then liecomes an external ■ incident 
force; tliat sucli exteiuial incident force must, as above 
sliowu, work unlike changes in tlie parts of any such minor 
wlioles; and that if the minor wholes are severally thus 
rendered heterogeneous, the entire aggregate is rendered 
heterogeneous. 

The instability of the homogeneous is thus deduciblo 
from that primordial truth which underlies our intelli- 
gence. One stable homogeneity only is liypotliGtically 
possilile. If centres of force, absolutely uniform in their 
powers, were diffused with absolute uniformity tlirough 
unli mi ted space, they would remain in equili brium. This, 
however, though a verbally intelligible supposition, is one 
tliat cannot be represented in thought; since unlimited 
spacxris inconcHiivable. But all finite forms of the homo- 
geneous— all forms of it which wc can know or conceive, 
must inevitably lapse into heterogeneity. In three several 
ways does the persistence of force necessitate this. Set- 
ting external agencies aside, each unit of a homogeneous 
wliolo must be differently affected from any of the rest by 
the aggregate action of the rest ufion it. The resultant 
force exorcised by the aggregate on each unit, being in 
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no two eases alike in both amount and direction, and 
nsnally not in either, any incident force, eyen il! nniform 
in amount and direction, cannot produce like eiiects on 
the units. And the various positions of the parts in re- 
lation to any incident force preventing them from receiv- 
ing it in uniform amounts and directions, a further diifer- 
ence in the effects wrought on them isiiievitably prodinted. 

One further remark is needed. To the conclusion tluit 
the changes with which Evolution eomnsmm are thus ne- 
cessitated, remains to be added the conclusion that these 
changes must continue. The absolutely homogeneous must 
lose its equilibrium; and the relatively homogeneous must 
lapse into the relatively less homogeneous. That wliich is 
true of any total mass is true of the parts into wliich it 
segregates. The uniformity of each vsuch part must as 
iiievibibly be lost in multiformity, as was that of the orig- 
inal whole; and for like reasons. And thus the (jimtinued 
changes wliieh cliara.c.terize l^lvolution, in so far as they arc 
constiiiiited by the lapse of the homogeneous into tlic lict- 
orogeneous, and of the loss lieterogetieons into 41)0 more 
heterogeneous, are necessary consequences of the jicrsistcnce 
of force. 


OHAPTEE XX. , 

TTIK MULTI PLKJATXOn' OF ERFLOTS. 

§ To the cause of increasing comi>loxily set forth 
in the last chapter, we have in this cluifiter t<Mu1(l tinotlicr. 
Though secoiulary in order of time, it is scariicily scHKiiulary 
in order of importance. Even in tlie absence of tlie cause 
already assigned, it would necessitate a clmngc from tlio 
homogeneous to the heterogeneous; and Joinetl witli it, it 
makes this cliango both more rapid ami more involvetL 
To come in sight of it, we have but 'to pursue a step fur- 
tlier that conflict between force and matter already <lelin- 
eated. Let us do this. 

Wlien a imiforni aggregate is subject to a iiiiiform force, 
we have seen that its constituents, being diflerently <mncli- 
tioned, are diflerently modified. ■ But while we have con- 
templated the various parts of the aggregitte as tliiis under- 
going, unlike changes, wo have-not" yet contemplated the 
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unlike clmngos Bimnltaneonsly produced on the yarions 
parts of the incident force. These innst he as numerous 
and important as tlic others. Action and reaction being 
equal and opposite, it follows that in differentiating the 
parts on whicli it falls in unlike ways, the incident force 
must itself be correBpondingly differentiated. Instead of 
being as before a uniform force, it must thereafter be a 
multiform force — a group of dissimilar forces. A few 
illustrations will make this truth manifest. 

A single force is divided by conflict with matter into 
forces that widely diverge. In tlie case lately cited, of a 
body shattered by violent collision, l)esides the change of 
the homogeiiooiis mass into a heterogeneous group of 
scattered fragments, tliere is a cluinge of the homogeneous 
inomeiitum into a group of momenta, lieterogenoous in 
both amounts and (lirections. Hirnilarly with the forces 
wo know as liglit and heat. After the dispersion of these 
by a radiating body toward all ])oints, they are redispersed 
towaird all points by the bodies on whicli tliey fail. Of 
tlie Sun’s rays, issuing from him on every side, some few 
strike tlie Moon, ''.riiese being reflected at all angles from 
the Moon’s surface, some few of them strike the Earth. 
By a like jirocHiss the few winch reach tlie Eartli are again 
diffused tlirougli, surrounding spa.ce. And on eacli occa- 
sion sucli portions ot* the rays as arc absorbed instead, of re- 
flected undergo refra.cti()ns that equally destroy their 
parallelism. More than tliis is true. By conflict with 
matter, a uniform force is in part clumged into forces 
diilerhig in their directions, and in part it is changed into 
forces diflering in their kinds. Wlien one body is struck 
against anotlier, that whicli wo usually regard as tlie cvlfect 
is a change of p(;)sition. or motion in one or botli bodies, 
l^ut a moruent’s tliouglit shows that tins is a very incom- 
plete view of the matter. Besides tlie visible niochanieal 
result, sound is jiroduced; or, to speak accurately, a vibra- 
tion in one or both bodies, and in the siirrounding air: 
and undar some (lircumstances wo call this tlie effect. 
Moreover, the air has not simply been made to vibrate, 
but has had currents raised in it by the transit of tlie bod- 
ies. Eurther, if there is not that gi;eat structural change 
which we call fracture, tliere is a disarraiigement of the 
particles of the two bodies around their point of collision, 
amounting in some cases to a visible condensation. Yet 
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more, t'his ' coBdeiisation is accornpiinied l:)y disengagement 
of heat. Ill some cases a spark— fcliat is, liglit— resiilts, 
from the ine^indescence of a portion struck olT; md oe-ca- 
sionally tliis incandescence is associated with cdiemical ooni- 
bination. Thus, by tlie original inoelianical force expended 
ill the collision, at least five, and. often more, different 
kinds of forces have been prodiic(3d. Take, again, the 
lighting of a candle. Primarily, tliis is a chemical 
change" consequent on a rise of temperature. The process 
of comlnriation liaving oikjo been set goirig l>y (^xtraiieous 
heat, there is a continued formation of carlionic a<.iid, 
water, etc.— in itself a result more complex flian tlie (ex- 
traneous heat that first caused it. But along wi tin this 
process of comhiinition there is a production (tI’ luiiit; there 
is a production of light; there is an nsiauuliug (*olumu of 
hot gases generated; there are cmnimts estalilislual in tlie 
surrounding air. Nor does the dcu'omposlticn of one force 
into nnuiy forces end here. .Bach of tlie sevmxil clmnges 
worked becomes tlie piarent of further elianges. ''fhe car- 
bonic acid formed will liy and by combi iu3 with some liase, 
or under tlie influence of suusliine give up its (*.ar bon to 
the leaf of a plant. The water will modify tiui liygrometric 
state of the air around, or, if the current of hot gases con- 
taining it come against a cold body, will be C(^mdonB6d, 
altering the temporaturo, and pc^rhaps tlie chemical state, 
of the surface it c.overs. Tlie heat given out melts the 
BubjacMint tallow, and expands whatever it warms. Tlie 
light, falling on various substiuKa^s, calls forili from them 
reactions by which it is modifled, and so divm’s c.olors are 
prodiu^ed. Similarly even witli tiiese secondary mdhms, 
wluc,h may lie traced out into ever-multiplying ramiii(3a- 
tions^ unUl they become too minute to be apiireciatedf 
Universally, tlien, tk) is more com]>lex than the 

cause/ Whether the aggregate on winch It falls bo liomo- 
'geneous'or otherwise, a,n' incident for(.3e i.H t,ranH:fcnmK‘tl liy 
the conflict into a number of forces tliat dilTcr in tbeir 
amounts, or dircc^tions, or liinds; or in all tliese .ri^spocts. 
And of tliis group of variciusly inodifled forties, each ul- 
timately undergoeB a like traiisforrriaidon. 

Bet US now mark how the protaiSH of is 

tl'iered by t;liis multiplication of elTticts. An incident force 
dtKJomposcd by tlie reactions of a body into a group of tin- 
■,iikO' 'forces' — a uniform force .thus' reduced to "a multiform 
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force — becomes the cause of a secondary increase of multi- 
formity in the body which decomposes it. In the last 
chapter we saw that the several parts of an aggregate are 
differently modified by any incident force. It has just 
been shown tliat by the reactions of the differently mod- 
ified parts the incident force itself must be divided into 
differently modified parts. Here it remains to point out 
that each differentiated division of the aggregate thus be- 
comes a centre from which a differentiated division of the 
origimd forcje is again diffused. And since unlike forces 
imist produce unlike results, each of these differentiated 
forces must i)roduce, throughout the aggregate, a further 
scries of difforentiations. This secondary cause of the 
change from liomogeneity to heterogeneity obviously 
l)eeomos more potent in proportion^ as the heterogeneity 
increases. When the parts into 'which any evolving 
whole lias segregated itself have diverged widely in na- 
ture, tliey will necessarily react very diversely on any in- 
cident force — they will divide an incident force into 
so many strongly contrasted groups of forces. And each 
of thiiUn, b(K3omnig tlio centre of a quite distinct set of 
iiiflueiices, must add to the number of distinct secondary 
changes wrouglit throughout the aggregate. Yet another 
corollary must bo addcil. The number of unlike parts of 
wlrich, an aggregate consists, as well as the degree of their 
unlikeness, is an important factor in the process. Every 
additional specialized division is an additional centre of 
specialized forces. If a uniform whole, in being itself 
made multiform by an incident force, makes the incident 
forcB xriultifo^^^ if a whole consisting of two unlike sec- 
tions divides an incident force into two unlike groups of 
multiform forces; it is clear that each new unlike section 
iniust ho a further source of complication among the forces 
at work tlironghout the mass— a further source of hetero- 
geneity. The multiplication of effects must proceed in 
geomefcrical progression. Each stage of evolution must 
initiate a liigher' stage. 

§157. The force of aggregation acting on irregular 
masses of ram matter,. ..diffused through a resisting.. me-' 
dium, will not cause such masses to move in straight lines to 
their common centre of gravity, but, as before said, eaeli 
will take a curvilinear p#i, directed to one or other side 
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of the centre of gravity* All of them bidng dii!e:reiitly 
conditioned, gravitation will irnpresB mi (‘aeh a rnotioii 
differing in direction, in velocity, and in tlie (k*gri‘c f)f its 
curvature— uniform aggregativeforce will he cliffcren tinted 
into mnltifonn niomenta* The process thus ciniirm'in'cd 
must go on till it produces a single mass of luilnilous mat- 
ter, arid these independent curvilinear m()ti<)jis inust result 
in a movement of this mass round its axis; a siinultancous 
condensation and rotation in which wo see Innv two effects 
of the aggregative force, at first but slightly div(n‘gent, 
become at last widely dilTerentiatcd. A gradual increase 
of oblateness in this revolving spheroid must take jilace 
through the joint action of these two forces, as the hidk 
diminiBhes and tlie rotation grows rmne rairid, and tliis we 
may sot down as a third elfect* '^^I'ho giuu^sis of lu^at, 
which must acco:m|)any aiigmentai-ion of (Umsity, is a t^on- 
sequenco of yet anotlier order — a coiiseijuence ly no irusans 
simple, since tlie various parts of tlie nuiss, being varioiusly 
condensed, must bo variously boated. Acting tliniughout 
a gaseous spheroid, of wliich tlie paris are unlike in trheir 
temperatures, tlie forces of aggregation and rotai.ion must 
work a further series of changes; they must set up cirem- 
lating currents, both general and local. At a later stage 
light as well as heat will be goneratecL Tims without 
dwelling on the likelihood of chcnniiail combinatipiis and 
electric distiirliancos, it is sufficiently manifetst that, Hup- 
posing matter to liave originally existed in a. diffused stale, 
the once uniform force wlii^di caused its aggregation must 
have become gradimlly divided into different forces, and 
that each further stage of (aimplicatioii in the resulting 
aggregate must liavo initiate<i furthiu* siilHlivisicrris (>f tliig 
force— a furthor innltiplieation of cffeiits, increashig the 
previouB heterogeneity. 

This section of tlie argument may, liowever, lie iide- 
qnately sustained, without lutving recourse to any Huch 
hypothetical illustrations as tlie foregoing. Tim astro- 
nomical attributes of the Karth will even adonc Bidlice our 
purpose. Ciiiisider first t}jeelTe<d.Bof its monumf.um rouiid 
its axis, ^l.^'liero is the olilatenesB of its form; there m the 
alternation of day and night; there are certain constant 
marine currents; and there are certain constant aerial 
currents.' Consider next the secondary series of conse-' 
quenees due, to, tlie divergence of t,he , Earth’s plane of ro* 
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tatioii from tho plane of its orbii The many differences 
of the seasons, both simultaneous and successive, which per- 
vade its surface, are thus caused. External attraction 
acting on this rotating oblate spheroid with inclined axis 
produces the motion called nutation, and that slower and. 
larger one from which follows the precession of the equi- 
noxGvS, with its several sequences. And then by this same 
force are generated the tides, aqueous and atmospheric. 

Perhaps, however, the simplest \vay of showing the mul- 
tiplication of effects among phenomena of this order 
will be to set down the influences of any member of the 
Solar System on the rest. A planet directly produces in 
neighboring planets certain appreciable perturbations, 
complicating those otherwise produced in them, and in 
the remoter planets it directly produces certain loss visible 
perturbations. Here is a first series of effects. But each 
of the perturbed planets is itself a source of perturbations 
— each directly affects all the others. Hence, planet A 
having drawn planet B out of the position it would have 
occupied in A’s absence, the perturbations whicli B causes 
are different from what they would else have been, and 
similarly with 0, D, E, etc. Here, then, is a secondary 
series of effects : far more numerous though far smaller in 
their amounts. As these indirect perturbations must to 
some extent modify the movements of each planet, there 
results from them a tertiary series, and so on continually. 
Thus the force exercised by any planet works a different 
effect on each of the rest, this different effect is from each 
as a centre partially broken up into minor different effects 
on the rest, and so on in ever-multiplying and diminishing 
waves throughout the entire system. 

I 158. If the Earth was formed by the concentration of 
diffused matter, it must at first have been incandescent, 
and whether the nebular hypothesis be accepted or not, 
this original incandescence of the Eartlff must now be re- 
garded as inductively established — or, if not established, 
at least rendered so probable that it is a generally admitted 
geological doctrine. Several results of the gradual cooling 
of the Earth, as the formation of a crust, the solidification 
of sublimed elements, the precipitation of water, etc., have 
been already noticed, and I here again refer to them merely 
to point out that they are simultaneous effects of the one 
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caiise, (liminisliing lieat. Let m now, liowever, ol)sor?0 
tlio multiplied changes afterward arising from the contiu- 
natice of this one cause, Tlio Eartli, falling in tfmi|)cr- 
ature, iniist contract. Hence the solid crust at any time 
existing is presently too large for tlio shrinking iiiuileiis, 
and being tinahle to support itself, inevitably follows tlio 
nnclens. But a spheroidal envelope cannot sink down 
into contact witli a smaller internal splieroiil, without dis- 
ruption; it will run into 'wrinkles, as the rind of an a|)ple 
does when the bulk of its interior docretisciB from (nui])o ra- 
tion. As the cooling progresses and the cnvelopo tlricdc- 
ens, the ridges consequent on these coiitractions must 
become greater, rising ultimately into hills and mountains, 
and the later systems of mountains thus jiroduct^d must 
not only be higher, as -we find them to but tluy must 
be longer, as we also find them to be. Thus, leaving out 
of view otlior rnodifying forces, wo see wliai imnumse het- 
erogeneity of snrfatio arises from the one eaiist*, loss of 
heat — a lieterogeneity which the telcsco])e sliows ns to Ixi 
paraIkdcHi on the Moon, where aqueous ami ai.niosplHudt*. 
agencies have hexm al)S0n.t. But we Imve ycd". to notietj an- 
other kind of heterogeneity of surfa(‘c, similarly and 
simultaneously cauBoci Wlxile the Earth’s crust was st-ill 
thin, the ridges produced by its contraction iniist not only 
liave been small, but the tracts between theni inust Imve 
rested witli comparative smoothness on the sul)ja(xvnt rup 
Tiid spheroid, and the water in those arctic and fmtarcti(} 
regions wlicre it first condetisod must iiavc Ixxrn evenly 
distributed. But as fast a,s tlie crust grtnv thitikm' and 
gained corresponding strength, the Huch of fracture from 
time to time caused in it necesBarily otanirrcai jit greatt*^ 
distances apart; the intermediate siirfa(ies followed the 
contracting nucleus with less uuiformity, and tlKU'cs con- 
sequently resulted larger areas of land and water. If any 
one, after, wrapping ah orange in wet tisHiie-papirr, am.l ob- 
serving hotli how Binall are the wrinkles and how evenly 
the intervening Bjiac'es lie on tlie Hirrface of t!n^ orange, 
will tlien wrap it in thick cartridge-paper, and mote both 
ilu) greater height of. the ridges' and the larger spa^as 
tlirougliout wliicli the paper does not tcnntli tlie orange, he 
will .realize the fact tliat ''aB'. the 'Eartlds' solid' m'lvalope 
thickened, ;the;, areas of_. elevation '.and depr0ss.'ion ,b0ca'n.ie 
greater., 'In, place of islands more or less 'homogeneously 
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scattered over an all-embracing sea, there must have grad- 
ually arisen heterogeneous arrangements of continent and 
ocean, such as we now know. This double change in the 
extent and in the elevation of the lands iiivdved yet 
another species of heterogeneity — that of coast-line. A 
tolerably even surface raised out of the ocean will have a 
simple, regtilax sea-margin; but a surface varied by table- 
lands and intersecited by mountain-chains will, when 
raised out of the ocean, have an outline extremely irreg- 
ular, alike in its leading features and in its details. Thus 
endless is the accumulation of geological and geographical 
results slowly brought about by this one cause — the escape 
of the Earth’s i“)rimitive heat. 

When we pass from the agency which geologists term 
igneous, to aqueous and atmosplieric agencies, we see a 
like ever-growing complication of efiects. The denuding 
actions of air and water have, from the beginning, been 
modifying every exposed surface, everywhere working 
maiiy dilfercnt cluuiges. As already shown (§ 69) the 
original source of tliose gaseous and fluid motions which 
efTeet dciuidation is tlie vsolar heat. The transformation 
of tills into various modes of force, according to the nature 
and condition of the matter on which it falls, is the first 
stage of complication. Tlie sun’s rays, striking at all an- 
gles a spliere, that from moment to moment presents and 
witlKiraws different ];)arts of its surface, and each of them 
for a different time daily throughout the year, would pro- 
duce a considerable variety of changes even were the sphere 
uniform. But falling as they do on a sphere stuTOiuided 
by an atmosphere in some parts of which wide areas of 
cioiids are suspended, and which here unveils vast tracts 
of sea, tliero of level land, there of mountains, there of 
snow and ice, they initiate in its several parts countless 
(lifforont movements. Giirrents of air of all sizes, direc- 
tions, velocities, and temperatures, are set up; as are also 
marine currents similarly contrasted in their characters. 
In this region the surface is giving off water in the state 
of vapor; in tliat, dew is being precipitated, and in thf 
other rain is descending — differences that arise froni the 
evor-clianging ratio between the absorption and radiation 
of heat in each place. At one hour, a rapid fall in tem- 
perature leads to the formation of ice, with an accompany- 
ing expansion throughout the moist bodies frozen; while 
, 'M, 
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at'anotlier,. a thaw tnilocks the disloeatt^ri fnigmeiiig of 
these bodies. And then, passing to a second stage of coni*- 
plication, wo see that tlio many kinds of nmtion <Hr(x;t}y 
or indiroetly caused hy the sun’s niys SiO'ci'aily prodneci re- 
sults that vary with the condii-ions. Oxidation, ilrouglit, 
wind, frost, rain, glaeitn\s, rivers, wtives, anil otJier (hnuid- 
ing agents elfeet disint;ogratif)ns tluit lire deiennined in 
tlieir ainoiiiits and qiiaiities by local circunistuiicos. Aet- 
ing upon a tract of granite, such agenis here work sf»ar<x*ly 
an apprcKjialde (d1:e(d.; tliere ca,usc cKfofijil;i()iis al the sur- 
face, and a resulting heap ot (IvbHs and i>oul«h‘rs, and 
alsewliere, after decomposing tiui fchisrair into a white 
clay, carry tiwtiy this witii ilie a(a‘ompanying <puirt/i ajid 
mica, and deposit them in ,s(^|>arate IkuJs, lluviatile and 
marine. Wlicn the exposed land consists of several unlike 
formations, sediinentai7 and ign(?ous, <‘hangcs proporiien- 
al)ly niorc^ liot.er()g(nntons are wiamght. Ihe firniutions 
being disiutcgrahle in ditlercnt dcgi*r‘cs, Ihm'c follows an 
increased irregularity of surfatan i’lu* areas draitied by 
ditferent rivers being dilTcnnilly const it.n [<•<!, Iluesc* rivers 
carry downt to the sea unlike condu nut ioits of ingri»<tionis, 
and HO sundry new strata of disiim't composition aris{% 
And hero indeed wo may see very sim(dy illustrated the 
truth, that tlia lHstert>gtnioity of tiu^ circcts increases in a 
geometriital progression with iln^ iieit-rogcncity of the ob- 
ject acted upon. A cauitiiunit eoniph^x htrricture, |>ri!- 
stjnting many stratsi irn.guiarly il ist,rilHi ter!, tulmi to 
various hnads, tilted., up at all angles, must, umler tlio 
saintMliuiiiding agtUH^^ give origin to initmmsf'ly ninlti- 
plied results; eiudi «.lisiriet must ia* jHamliariy modilital; 
each riv(?r must cany down a tUstitu't kind, of iletritus; 
eacli deposit must be (lilTer<mtly distributed by i!m entan- 
gled .(uirronts, tii.lal and other, which was!.! t!ic (xmtorted 
■slmres, aiui every additional. o'onrpru..‘alion of Hiirfnee must 
Im the cause of more than one additional conscfjiumce, Ibit 
not to dwell on tla^st^, Ict us, for the fuller cinciiliitimi of 
this irutfi in reflation to itie inorgan it*, worlil, cemsider what. 
Would p:r(.tHm,itly follow from Hrmie exteuHive coHUiItatl revo- 
'lu.tion--say tlie subsirlem^e of C.k‘ri.tnil .Amcriem. ddie 
i.mm.e<n,a,te results of tlm ilisturlamee Wf.,aihl l{iemHeivi‘s be' 
Buf1,iei(.‘ntly comphrx. BesidcB the nnmberlesa disicicaticns 
■of strata, tlie eje(,itionH of .igm.^ous mattt*r, the {iro}mgiiikm 
of eartliquake ■.vibrations ; thoiwtt,.i.ids , of , 'miles itroniitl, the 
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loud explosions, and the escape of gases, there would he 
the rush ot tlie Atlantic and Pacific Oceans to supply the 
vacant space, the subsequent recoil of enormous waves, 
wdiich would traverse botli these oceans and produce myr- 
iads of clianges along their sliores, the eorres|)on ding at- 
mospheric waves complicated by the currents surrounding 
each volcanic vent, and the electrical discharges with 
which sucli disturbances are aecompanied. But these 
temporary effects would be iiisignilicant compared with the 
permanent ones. The complex currents of the Atlantic 
and Pacific would be altered in directions and amounts. 
The distribution of heat achieved by these currents would 
be different from what it is. The arrangement of the 
isothermal lines, not OJily on the neighboring continents, 
but even tliroughout Europe, would be changed. The 
tides would flow differently from what tliey do now. There 
would l)e more or less modification of the winds in their 
periods, strengths, directions, qualities. Rain would fall 
scarcely anywhere at tlie same times and in tlie same quan- 
tities as at present. In short, the meteorological conditions 
thousands of miles off, on all sides, would be more or less 
revolutionized. In these many changes, each of which 
compreliends countless minor ones, the reader will see the 
irnmonsti licterogeneity of the results wrought out by one 
force, wlien that force expends itself on a previously com- 
plicated area, and he will readily draw tJio corollary that 
from tlio begiiming the complication has aclvanced at an 
increasing rate. 


§159. Wo have next to trace throughout organic evo- 
lution tins same all-pervading principle. And liere, 
where the tratisformatioii of tlie liomogenoous into the 
heterogeneous was first observed, the productiou of many 
changes by oilo cause is least easy to demonstrate. The 
devel(q)inci)t of a seed into a plant, or an ovum into iin 
animal, is so gradual, while the forces whieli determine 
it are so involved, and at the same time so unobtrusive, 
that it is difficult to detect the multi pH cation of effects 
which is elBewhere so obvious. Nevertheless, by indirect 
evidence we may establish our proposition, spite of the 
lack of 'direct evidence. 

Observe, first, how numerous are the ehanges which any 
marked stimulus works on an adult organism-^a human 
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being, for instance. An alarming sound or siglit, besides 
impressions on tlie organs of sense and the nerves, may 
produce a start, a scream, a distortion of the face, a tiaan- 
bling consequent on general nniBcuhir relaxation, abtvrst of 
perspiration, an excited action of tlie lieart, a rush of liloocl 
to the brain, followed possibly by arrest of tlie heart’s 
action and by syncope, and, if the system be feeble, an ill- 
ness with its long train of complicated synr|:)t()ins may set 
in. Similarly in cases of disease. A mirmte portion of 
the smtill-pox viruB introduced into the system will, in a 
severe case, cause during the first stuge rigors, ln*at of 
shin, accelerated pulse, furred tongue, loss of apjH‘tite, 
tliirst, epigastric uneasiness, vomiting, iHaidaclng jiains in 
the back and limbs, muscular weakness, c'onviilsions, d(s 
liriuin, etc. ; in tiio second stage, mitanetnis (‘rufition, ittVh- 
iiig, tingling, sore tliroat, swellerl fauei's, salivation, 
cougli, lioarseness, dysimma, etc.; ami in tln^ itiiiai stage, 
cedematons iiilUuninations, pricnimonia,, ph‘ii!*isy, d iarrhoag 
in [lamination of the brain, ophihainria, cuysifielas, et(^, 
each of winch enumerated sympfoins is ils(‘ir rnon* or Jess 
complex. Mediidnes, special f<KHis, lHdb<‘r air, might in 
like manner bo instaiieed us prodnoing multiplied results. 
Now it needs only to consider ilmt the many tdianges t hus 
wronght by one force on an adult organism must Ire par- 
tially paralleled in an embryo-organism, to inuh'rslaiHl how 
liero jiJso the produc.tion of many elTects l>y om* i'unsi^ is a 
Eourco oi: in^rretisinglieterrjgfnuM The exleriiul lieat ami 
other agenei(‘s whieh detenriiue tlie first t*mujdieuiionH of 
the germ will, Iry acting on these, suj;erim]uee furthctr 
compli(tutions; on these still higher am! luori* riunKU'ous 
on(38, and so on continually; earth organ as if; is deveio|)ed 
sorving, by its aetioim and reutdvioim on the to iniiiuto 
new complexities. The first pnlsations of tlm f<i*ia! luairt 
mnst Biinultarieously aid the unfoltling of every part, 
•^rhe growtli of eaclr tissue, by taking from ihu lilood Hpe<nal 
propfirthins of elcnnents, must modify the ''*onstitution of 
tiie blood, and bo mnst modify tin* nutrition of all tlimotber 
tissues, '^riio distributive mtiiorm, implying as thi:!y rlo a 
(jcrtain waste, necessitate . an addition ' to tlir? lilood' of 
ciTete matters, whieh must inflnenc'e the, rest of the, sys- 
tern, and perliaps, as’ some think, initiate, the. forrmition 
of, e,xeretory, orga^is. 'riie nervous coirn.ectio,ns„ .(.‘Btablis'iied 
among. the viscera must'further multiply their mutual.:' in- 
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fluenees. And so with every modification of structure — 
every additional part and every alteration in the ratios of 
parts. Still stronger becomes the proof when we call to 
mind the fact, that the same germ may be evolved into 
dilferent forms according to circumstances. Thus, during 
its earlier stages, every embryo is sexless — becomes either 
male or female as the balance of forces acting on it deter- 
niines. Again, it is well known tliat the larva of a work- 
ing-bee will develop into a queen-bee, if, before a certain 
period, its food bo changed to that on which the larvae 
of queen- bees are fed. Even more remarkable is the case 
of certain entozoa. The ovum of a tape-worm, getting 
into the intestine of one animal, unfolds into the form of 
its parent; but if carried into other parts of the system, 
or into the intestine of some unlike animal, it becomes one 
of the sac-like creatures, called by naturalists Cysticeroi^ ov 
(Jamm% ot IiJckinMOcei — creatures so exti'emely dilferent 
from tlie tape-worm in aspect and structure, that only 
after careful investigations have they been proved to have 
the same origin. All which instances imply that each 
adviince in embryonic complication results from the action 
of incident forces on the complication previously ex- 
isting. Indeed, the now accepted doctrine of epigenesis 
necessitates tlie conclnsion that organic evolution proceeds 
after this numner. For since it is proved that no germ, 
animal or vegetal, contains the slightest rudiment, trace, 
or indication of the future organism — since the microscope 
has shown us tliat the first process set up in every fertilized 
germ is a process of repeated B]:)ontaneous fissions, ending 
in the production of a mass of cells, not one of which exr 
hi bits any special character; there seems no alternative 
but to conclude that the partial organization at any mo- 
meut subsisting in a growing embryo is transformed by 
the agencies acting on it into the succeeding pliase of or- 
ganization, and tins into the next, until, tlirougli ever- 
inereasing complexities, tlie ultimate form is reached. 
Tlnis, though the subtlety of tlie forces and the slowness 
of tlie metamorphosis prevent us from tracing 

tlie genesis of many changes by one cause, throughout the 
Buceessi VC' stages which, every embryo -passes .through; yet, 
we have strong evidence that this is a source of 
increasing heterogeneity. We have marked how multi- 
tudinous are the efleots which a single agency may gener- 
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ate in an adult organism; that a like multiplication of 
effects must happen in the unfolding organism, we have 
inferred from siindi-y illustrative cases; iurlher, it has 
been pointed out that the ability wliicli like germs have 
to originate unlike forms implies tliat the supeessive 
transformations result from the new chaiips snpermduoed 
onprevious changes, and vve have seen tlia , structureless 
as every germ originally is, the developiiieiit of an oi g.in- 
ism out of it is otherwise incornpreliensible. _ Doubtless 
we are still in tlio dark respecting tlnise niysterions prop- 
erties which make the germ, when subject to bt lulUi- 
' enccB, undergo the special changes lieginning t ns series 
of transformations. All here contended is, that given a 
germ possessing these niy.sterions itrojierlies, he tno iiinm 
of an organism, from it depends, in part, on Lliat miiltipli- 
oation of effects which wc liave scon to be a cimse ot evolu- 
tion in general, so far us we have yet traced it. 

Wlien, leaving tlie develoimient of single plants and 
aniiriiils, we pass to that of the hkrth’H flora and tau rui, the 
course of the argument again lKHa>rru?H chmr am 
Tliougl), as heforo admitted, the fragmentary tae,ts iala‘on* 
tology luis accumulated do not cltairly warrant us in sayung 
that, in the lapse of goologu^ time, tliere have been evolved 
more heterogoiicotis organisms, and rnore ludfmnigcunajuB 
assemblagcB of organisms; yivt we siiall now seo tJiat tJiifrc 
mud ever have been a temlene.y toward tijcso results* 
Wo shall find that tlie production ot mauiy tdlradM 
cause, which, as already shown, luis lp(«rj^a!l aloiig 
ing the ])liyBicul hoterogeiieity ot therhatrih,^ lias Itirtluw 
: :,Becessitatea' an increasing Jiid(^rogcu,ieity in its f ora and 
fauna, individually and ooilectivtdy, Aii dlusirainm wni 
make, .this ' clear. Bupposii that by a scries of ni;d|cava s, 
occurring, as tliey are now known to d<„>, itt b,.kiig nd^c,u\iws, 

■ the East Indian . Archipelago were to bo raised rrito' a 
continent, and a 'cliain o,f niou.n tains formed aloiig t.tKU,ixi.s 
of' elevation. By .the first of thcBu uplmavalH, tluniiants 
and animals inhabiting' 'Borneo, Snniaiu*a, ..New Ajiiinea, 
and file rest, would b(s subjected to slig!:itiy^ sets 

,of conditions. 'I'ho ■climate in general w<.)uhl bis altered m 
tiuiiperatiirc, in bumidity, and' in its period.ical vinnatioiis; 
while the l(,)c.al diirercnccs' would , he iniiltl|died. ■ l,noBe 
■' ' ■modifications would alfcet, perhaps' iiiaiTpiBCiiibly, 

floriV''and fauna^' of ' tlie^.regiom, v'llm change .■o,f:Mei 
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would produce additional modiflcations, yarying in differ- 
ent species, and also in different members of the same 
species, according to their distance from the axis of eleya- 
tioii. Idants, growing only on the sea-shore in special 
localities, miglit become extinct. Others, living only in 
swamps of a certain humidity, would, if they survived at 
all, i)robably undergo visible cluinges of appearance. 
Wiiilemore marked alterations would occur in some of the 
plants that spread over the lands newly raised above the 
sea. The animals and insects living on these }nodified 
plants would themselves be in some degree modified by 
change of food, as well as by change of climate, and the 
modilication would be more marked whore, from the dwin- 
dling or disappearance of one kind of plant, an allied kind 
was eaten. In the lapse of the many generations arising 
before tlie next upheaval, the sensible or insensible alter- 
ations tluis produced in eacli species would become organ- 
ized — in all the races that survived there would be a more 
or loss complete adaptation to the new conditions. The 
next uplieaval would superinduce further organic changes, 
implying wider divergences from the primary forms, and 
80 repeatedly. Now, however, let it be observed that this 
revolution would not bo a substitution of a thousand 
modified species for tine thousand original species ; but in 
place of the tliousand original species there would arise 
several tliousand species, or varieties, or changed forms. 
Eacli species being distributed over an area of some extent, 
and tending continually to colonize the new area exposed, 
its different members would bo subject to different sets of 
changes. Plants and animals migrating toward the equa- 
tor would not bo affected in the same way with others mi- 
grating from it. Those which spread toward the new 
sliorcs would undergo changes unlike the changes under- 
gone by those which spread into tlie mountains. Thus, 
each original race of organisms would become the root from 
whicdi diverged several races, differing more or less from 
it and from each other, and while some of these might 
subsequently disappear, probably more than one would 
survive in the next geologic period ; the very dispersion it- 
self increasing the chances of survival. Not only would 
there be certain modifications thus caused by changes of 
physical conditions and food; but also in some cases other 
modifications caused by changes of habit. The fauna of 
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each island, peopling, step hy step, the newly raised tracts, 

would Gvontuuliy conic in conteefc with the iuiiiuis oi oilier 
islands and some members of these other faunas would be 
unlike’ any creatures before seen. Herbivores nieeting 
with new beasts of prey would, in some cases, be kal into 
modes of defence or escape differing from those previously 
used, and simultaneously the beasts of prey would inodity 
their inodes of pursuit and attack. ^Ve know that when 
cirourastanccs demand it, such changes of lialiit cfo take 
place in animals, and we know that if the new lialnts be- 
come the dominant ones, they must eventually in some 
degree alter the organisation. Observe now, however, a 
further consefpience. Tlicro must arise not simply a 
tendency toward the differentiation of each race of organ- 
isms into several races 5 but also a tendency to tlio^ occa- 
sional production of a somewhat higher oigaiiism. iaken 
ill the niuss, th(3sc divergent varietieSj wliich 
caused by fresli physictil couditions tiiid habits ot life will 
exhibit alterations quite iiidelhiito in kind and degree, 
and alterations that do not no(3essarily constitute aii ad- 
vance. Probably in most cases the niodiiieti i^ype will bo 
not appreciably more heterogeneous tlian tlie original 
one. But it misi new and then occur that some division 
of a species, falling into circumstances which give itratlier 
more complex experiences, and demand actions Boinewliat 
more involved, will have certain o.t its organs furthei dif- 
ferentiated in proportionately small dogrees—will become 
sliglitly more heterogoneouB. Hence, there will from time 
to time arise an increased lieterogeneity l)oth of th() Earth’s 
flora and fauna, and of individual races included in them. 
Omitting detailed explanations, and allowing for tlje quah 
ifioations which cannot here be Bpeciiiech it is Buffieiently 
clear that geological mutations have all airnig tended to 
complicate the forms of life, whether regardtnl scv|)araiely 
or collectively. That multiplication of (viTeete which has 
been a part-cause of the transfortnation of tlie hkirtlPs camst 
from the simple into the conijilex, luis simultaneouHly letl 
to a paridlel transformation of tlm Life upon its surfiwie.^ 


*1* Had this parapfraph, first ptiiaisliod In ihm Bmew in 1857, 

writtem allter tlie atijiearanca of Mr. Darwin’s w'ork on * ^ TIio Origin of bpeelos, 

It would d.oubtloHsTiavo linen oth<wwi»^H^ 3 fpressaa. lieferewc.te would have been 
made to tho processof “natural Holection,'^ as greatly facOitatlng the {lifforanti-i. 
ations desci’ibed. .As it .is, however, I prefer to kf the pmmm itond in it«„ 
' original sliape: partly I)ocause it swins to i.ne that thosts suenjessive mmKm m 
conditions would produce divergent - varieties, o.r, sijecies,- apart from the itt'« 
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The deduction here drawn from the established truths 
of geology and the general laws of life gains immensely 
in weight on finding it to be in harmony with an induc- 
tion drawn from direct experience. Just that divergence 
of many races from one race, which we inferred must have 
been continually occurring during geologic time, we know 
to have occurred during the pre-historic periods, in man 
and domestic animals. And just tluit multiplication of 
etfoets which we concluded must have been instrumental 
to the first, wvo see has in a great measure wrought the last* 
Single causes, as famine, pressure of population, war, have 
periodically led to further dispersions of mankind and of 
dependent creatures; each such dispersion initiating new 
modifications, ncAV varieties of type. Whether all the 
human races be or ho not derived from one stock, philol- 
ogy makes it clear tliat whole groups of races, now easily 
distinguishable from each other, were originally one race 
—that the diiliision of one race into different climates and 
conditions of existence has produced many altered forms 
of it. Similarly witli domestic animals. Though in some 
cases (as tliat of dogs) community of origin will perhaps be 
disputed, yet in otlier cases (as tliat of the shciop or the 
cattle of our own country) it will not be questioned that 
local differences of climate, food, and treatment have 
transformed one original breed into numerous breeds, now 
become so far distinct as to produce unstable hybrids* 
Moreover, through the complication of effects flowing from 
single causes, wo here find, what wO before inferred, not 
only an increase of general heterogeneity, but also of spe- 
cial heterogeneity. While of the divergent divisions and 
subdivisions of the human race many have undergone 
changes not constituting an advance, others have become 
decidedly more heterogeneous. The civilized European 
departs more widely from the vertebrate archetype than 
does the savage. 

§ 160 . A sensation does not expend itself in arousing 
some single state of consciousness ; but the state of con- 

fliienco of ‘‘ nattiral Beleetion” CUiough in lessmimerouB ways as well as less 
ra|)ldly) ; and partly because I coucrnvo that in the absence of thrise successive 
changes of conditions, natural selection” would effect comparatively little. 
Let me add that though these positions are not enunciated in ” The Origin of 
Species, ” yet a' common friend '.gives me reason to tliink that Mr. Uarwin 
would coincide in them; if he did not indeed consider them as tacitly implied 
tnhls'work.'' ' . ^ ■ .. 
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scioiisness aroused is made up of various represented sen- 
sations connected by co-existcnice, or sequence witli the 
presented sensation. And that, in proportion a,sthe grade 
of intelligence is high, the number of ideas suggested is 
great, may bo readily iuferreci Let us, liowever, look at 
the proof 'that Iiere, too, each change is tlie parent of many 
changes, and that the multiplication increases in propor- 
tion as tlie area aifected is complex. 

Were some hitherto unknown bird, driven say l>y stress 
of weather from tlio remote north, to make its appearance 
on our shores, it would excite no speculation in tlie sheep 
or cattle amid which it alighted a percofition of it as a 
cx'eature like those constantly Hying about would be the 
sole interruption of that dull current of (a)!is(aousnc\ss which 
accompanies grazing and rumination, 'flui cow-herd, by 
wliom we may suppose the exhaustt^d bird to l)e presently 
caught, would probably gaze at it wiili some slight curios- 
ity, as being unlike any he liad l)crore mm — would note 
iifS most conspicuotis markings, and vagiudy ponder on tlie 
questions, where it came from, and how it came. T\m 
village bird-atiiO*er waxuld have suggt‘sted to liirn by iilio 
sight of it sundry forms to wliich it bore a little resem- 
blance, would receive from it more numerous and more 
specilic impressions respectiiig structure and i>hmuige, 
would be reminded of various instances of birds l>roiiglit 
by storms from foreign parts — would tell wlio found them, 
who stuilod tliom, wlio bought thcnu Supposing the un- 
known bird taken to a naturalist of the old scliool, inter- 
ested only in exiernalB (one of those descaibed l>y the late 
Edward Forbes as examining aniniulB as tlioiigdi they, wore 
merely skins filled with straw), it would extsiie in him a 
more involved series of mental cliangos; tlurre would he 
'to': elaborate examination of tlie feutlierB, a noting, of all 
their technical distiiKitioiis, witli a rt*d notion of these per- 
ceptions to certain equivalent written symbols; rouBoiiB for 
referring tlie new form to a particular family, order, and 
genuB would be souglit out and written down; coitnnu- 
nicatioiiB with the secretary of some society, or editor of 
some journal, would follow, and jirtibaidy tlmre would bo 
not a few tlioughts about the addition of tlie to the 
describer’s name, to form the, name of .the species. Lastly, 
in.' , the mind ' of a comparative amito..r,u ist, 'such ,a ■ new spe- 
qies,^ should it happen to 'have .any 'marked ' internal peouli* 
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arity, might produce additional sets of cliangcs— might 
very i^omhlj Bwggest modified views respecting the rela- 
tionships of the division to which it belonged, or, perhaps, 
alter his conceptions of the homologies and developments 
of certain organs; and the conclusions drawn might not 
improbably enter as elements into still wider inquiries 
concerning the origin of organic forms. 

From ideas let us turn to emotions. In a young child, 
a father’s anger produces little else than vague fear— a dis- 
agreeable sense of impending evil, taking various shapes of 
physical suffering or deprivation of pleasures. lu elder 
cirildren, the same Iiarsli words will arouse additional feel- 
iiigs; sometimes a sense of shame, of penitence, or of soi’- 
row for having oilonded; at other times, a sense of injus- 
tice, and a consequent anger. In the wife, yet a further 
range of feelings may come into existonco- -perhaps wounded 
affection, perliaps self-pity for ill-usage, perhaps contempt 
for groundless irritability, perhaps sympathy for some 
suffering which the irritability indicates, perhaps anxiety 
about iin unknown misfortune which she thinks has pro- 
duce(l it. lSh)raro wo witliout evidence that among adults 
tlie like differcncos of development arc accompanied by 
like diff'erences m the number of emotions that are aroused, 
in combination or rapid succession — the lower natures be- 
ing cliaractori^ed I)y tliat iinpulsiveness winch results from 
tiui uncontrolled action of a few feelings, and the higher 
natures being chai’acfceriiied by the simultaneous action of 
many %M3ondary feelings, modifying those first awakened. 

Possibly it will be objected that the illustrations here 
given are drawn from the functional changes of the ner- 
vous system, not from its structural changes, and that what 
is proved amoiig the first does not necessarily hold among 
the last. This must bo admitted. Those, however, who 
recognize the trutli tliat the structural changes are the 
slowly accumulated results of the functional changes will 
readily draw the corollary, that a part-cause of the evolu- 
tion of the nervous system, as of other evolution, is this 
multiplication of effects which becomes ever greater as the 
development, becomes liigher./ 

P 16L If the advance of Man toward greater heteroge*- 
neity in both body and mind is in part traceable to the 
production of many effects by one cause, still more clearly 
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may the adTance of Society toward greater heterogeneity 
be so explained. Consider the growth of an iiidiistrial 
organization. When, as must oecasioiialJy luip|}eii, sonio 
individnal of a tried displays nnnsnai aptitude for milking 
an article of general use (a weapon, for iiistuiice) whicJi Wiis 
before made by each man for himself, tlierc arises a ten- 
dency toward tlie differentiation of tliat individual into a 
maker of weapons. His companionB (waj’riors atid hunters 
all of them) severally wish to have the best weapons that 
can be made, and are tlierefore certain to olter strong in- 
ducements to this skilled individual to in5ik(Mveap<nis for 
tliern. Ho, on the other hand, having boili an nnusual 
faculty, and an unnsual liking for inaking wea-iHiiis (tlio 
capacity and the desire for any occupation bcdiig com- 
monly associated), is predisposed to fullii tlieso commissions 
on thcM.)ffer of adequate reward ; espeeiariy as his love of 
distinction is also gratilied. Tliis first s|)ecialization of 
function, once commenced, tends ever to bijcome more de- 
cided. On the side of tlie weapon-mak(‘r, cont inued jirac- 
tice gives increased skill — increased sn])criorit.y to his prod- 
ucts. On tlie side of his clients, cessation of practice 
entails decreased skill. Tlius the inllucnccs that detmanine 
this division of labor grows stronger in boili ways, this 
social movement tends ever to become more docidfui. in 
the direction in which it was first set u|>, and the incip- 
ient heterogeneity is, on tlvc average of casus, likely to 
become permanent for that generation, i f no longctr. Hueli 
a ’process, besides diffcrentiatijig tlie sotdal mass into two 
parts, the one monopolizing, or almost nionopolizing, tlie 

f ierformance of a certain function, and tlie other having 
ost the liabit, and in some measure the power, of perl'orm- 
ing that function, lias a tendency to initiate otluo’ differ- 
entiations. The advance (lescribeil im})lies tlie iritroiiue- 
tion of barter ; tlie maker of weapons lias, on each oc;casion, 
to bo paid in such otlier articles as lu^ agre(‘B to take in 
exchange. 'Now lie will not Jiabitiially tiike in extfliange 
one kind of article, but many kinds. He docs not want 
mats only, or skins, orfiBhing-gear; but he wants all these, 
and on eacli occasion will bargain for tlie |)articular things 
lie most needs. What follows? If among tlie iriernlicrs of 
the tribe tliere e.xist, any slight ilifferonc:*es of skill in tlie 
manufacture of these’ vu-riouB tilings, as tliere are a'lmost 
'sure .'to do, the weapon-maker will Take from each ' on.o the 
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tiling winch that one excels in making; he will exchange 
foi' mats with him whose mats are superior, and will bar- 
gain for the iisliihg-gear of whoever has the best. But he 
wiio lias liartered away his mats or his fishing-gear must 
make other mats or fisliing-gear for himself, and in so do- 
ing must, in some degree, "further develop his aptitude. 
Thus it results that the small specialties of faculty pos- 
sessed by various members of the tribe will tend to grow 
more decided. If such transactions are from time to 
time repeated, these specializations may become appreci- 
able. And whether or not tliere ensue distinct differen- 
tiations of otlier individuals into makers of particular 
articles, it is clear that incipient differentiations take 
place throughout the tribe: tlie one original cause pro- 
duces not only tlie first dual effect, but a number of second- 
ary dual effects, like in kind but minor in degree. This 
process, of which traces may be seen among groups of 
school-boys, cannot well produce a lasting distribution of 
functions in an unsettled tribe; but where there grows up 
a fixed and irmltiplying community, such differentiations 
become permanent, and increase with each generation. An 
addition to the number of citizens, involving a greater 
demtind for every commodity, intensifies the functional 
activity of eacli specialized person or class, and this ren- 
ders, the s|)cvci{ilization more definite where it already ex- 
ists, and establislies it wliere it is but nascent. By increas- 
ing tlie pressure on the means of subsistence, a larger 
population again augments these results; since every in- 
dividual is forced more and more to confine himself to that 
which lie can do best, and by which he can gain most. 
Ami tliis indnstrial progress, by aiding future production, 
opens tlie way for further growth of population, which 
reacts as. liofore. Presently, under the same stimuli, new 
occupations arise. Competing workers, severally aiming 
to produco improved articles, occasionally discover better 
processes or better materials. In weapons and cutting- 
tools, the substitution of bronze for stone entails on him 
who first makes it a great increase of demand-— so great 
an increase that he presently finds all his time occupied in 
making the bronze for the articles he sells, and is obliged 
to depute the fashioning of these articles to others, and 
eventually the making of bronze, thus gradually differen- 
tiated ffrom a pre-existing occupation, becomes an occupa- 
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tion by itself* But now mark the ramified changes whicli 
fallow this change. Bron^se soon replaces stone/ not only 
in the articles i t was lirKSt used for, biit in many others, 
and so affects tlio manufacture of tliem* Furtlier, it 
alfects the processes ivhichsiicli improved utensils su!)8erve, 
and the resulting products — modifies I>iiildings, carvings, 
dress, personal (lecorations. Yet again, it sets going sun- 
dry manufactures whicli were before irn|)ossib]e, from lack 
of a material lit for tlie rocpiisite tools. And all tliese 
changes react on the people— increase their manipiilative 
skill, their intelligence, tlicir conifort— rctiiie tlieir habits 
and tastes* 

It is out of tlio queatiou liero to follow tlirtaigli its suc- 
cessive complications this increasing sociai li(>t(n*()gciieity 
that results from the iiroduction of nmny C‘ffccd:.H liy one 
cause. But leaving tlie intermediate |)ha.se.s of sociai de- 
velopment, let us take an illiisi,ra.tion from its piissing 
phase. To trace the elh^ots of steam-power, in i Is mani- 
fold applications to mining, na.vigation, a.nd nuinuractures, 
would carry us into numamigeabie detail. lict us confine 
ourselves to tlie iafest embotliuuait of steairi-t)(nvaa'«--tl 
locjomotivo engine. Tliis, as tlie iiroximate cause of our 
railway system, has <duuiged the face of the country, tlio 
course of trade, and the lialiitsof the peo|)lm (lomsidor, 
first, the complicated sets of clianges tluit jirecede the 
making of every railway— the provisional arraugeiiientB, 
the meetings, the registration, the trial sectirm, the jiar- 
liamentary survey, tiie Iitliogra.j)iicd plans, the books of 
reference, tlie local deposits and notices, the ajiplication 
to Pari i anient, the passing Staiuling-Orilers (■funmittee, 
the first, second, and tlurfi rea.<lings; cacrli of which brief 
heads indicates a multijilicity of transactions, and tlie fur- 
ther developmeiit of Biiudry occupations (as those of eii- 
'■gineerB, surveyors, lithographers, parliamentary agmits, 
'.share-brokers)' {:md ^ creation of sund,ry otlicrs (as' those 
of' 'traffic- takers, reference-takers), (.formider, I'lext, the 
yet'.more marked clianges iinplical in railway conBiruetion 
'—the ■ cuttings, _ emhankingH, tiinneliings, cl iversio,i:i8 ' .of 
roads; tlio _I)uilding of .bridges and' stations;', tlie Iayi.ng', 
down of ballast, sleepers, and rails; tlio niakingof cngiiios, 
tenders, carriages, and^ wagons; which processes,' 'acting 
upon .iiurncrous trades, increase ihe i.mpc)r.tation' of timber,, 
the quarrying of stone, the manufacture of iron/ the min- 
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ingof coal, the bii ruing of bricks; institute a variety of 
fej^ecial rnaniifactures weekly advertised in the Raihoay 
Ivmes.md call into being some new classes of workers 

rivers, stokers, cleaners, plate-layers, etc., etc. Then 
conic the cliangos, more numerous and involved still 
wLic.h railways in action produce on the commimity at 
largc,^ Tho organization of every business is more or less 
modified; case of communication makes it better to do 
clirectAy what was before done by proxy; agencies are es- 
tablished wlicre i>reviously they would not have paid- 
goods {Ia’c olitai 110(1 Ironi the remote wholesale houses in- 
stead of near retail ones, and commodities are used which 
distauCHi once rendered inaccessible. The rapidity and 
small cost of carriage tend to specialize more than, ever 
tlie industries of dilTorent districts— to confine each man- 
ulact.ure to ilie ])arts in which, from local advantages, it 
carl be best cnrriecl on. Economical distribution equalizes 
prices, a,nd also, on tlie average, lowers prices; thus bring- 
ing divers articles within tlie means of those before unable 
to buy theni, and so increasing tlieir comforts and im- 
jiroving theur liabits. At tire same time the practice of 
travelling is iiriinonsely extended. Classes who before 
C()ntd not afford it take annual trips to the sea; visit their 
distant relations; nmke tours, and so wo are benefited in 
body, fe(Vlings, and intellect, ^riio more prompt trans- 
mission of lettcM’s and of news prodneos further changes— 
makes the |mlse of the nation faster. Yet more,, there 
arises a wide dissemination of cheap literature through 
railway book-stalla, and of advertisements in railway car- 
riages, both of them aiding ulterior progress. And the 
innumerable (dianges lierc lirielly indicated are consequent 
on the invention of the locomotive engine. The social 
organism lias Ixhvu rendered more heterogeneous, in virtue 
of tlie rnany ninv occujiations introdiuied, and the many 
old ont^B furtluvr specialized; pricjCB in all places have been 
altered; ciudi iradtu’ luis, more or less, modified his way of 
doing business, and (wery person has been affected in his 
acti(>ns, though;ts, emotions. 

The only fiirtlurr fact demanding notice, is, that we 
here see more (dearly than ever, that in proportion as tile 
area over whicli any influence extends becomes heteroge- 
neous, the results are in a yet higher degree multiplied in 
number and kind. While among the primitive tribes to 
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whom it was first known caoutchouc caosed but few 
changes, among ourselves the changes have been so many 
and varied that the history of them ocxaipies a volume. 
Upon the small, homogeneous community inhabiting otis 
of the Hebrides, the electric telegraph would produc.'!'., 
were it used, scarcely any results, but in England the re- 
sults it produces are multitudinous. 

Space permitting, the synthesis might hero be pursued 
in relation to all tlie subtler products of social life. It 
might be shown how, in Science, an advance of one (Hvisiori 
presently advances other divisions — liow Astronomy lias 
been immensely forwarded by divseoveries in ()|)tfcB, while 
other optical discoveries have initiated Mirrroscopic Anat- 
omy, and greatly aided the growtli of ldiyvsi()l(}gy—how 
Cliemistry has indirectly increased our knowletfge of Elec- 
tricity, Magnetism, Biology, (,l(‘ology — how Electimdty lias 
reacted on (.hiemistry and Magnetism, dovoIojxMl our views 
of Light and Heat, and di.sclosed sundry laws of nervous 
action. In Literature the same truth might ho (ixliiliitod in 
the still-multiplying forms of period ictal pnlilicrations that 
have descended from tlic first newspaper, and wliicli Iiavo 
g(werally a(:d;(al arid reacte(l on other forms of !ii.eratnrc a.iid 
on each otlier ; or in the bias given by ca(di Ixxik of {xiwer to 
various subsequent books. The influenee whic-h a new 
school of Painting (as that of the pre-BalTaelifes) exeriuses 
on other scliools; tire liints wliicli all kinds of pictorial art 
are deriving from Photograpliy ; the complex results of new 
critical doctrines — might severally be dwelt on jis<lisphiying 
the like multiplication, of eirects. But it wouhl lu*t•fll(.^ssly 
tax the reader’s patience to <lelai I, in tlieir many ramili- 
cations, these various changes, liero become? so involv(?d 
and subtle as to bo followed with some diiliculiy. 

I lG2v After the argument whieli closed the last cliap- 
ter, a parallel one seems here scarcely r{M|uirc*iL IA>r sym- 
metry’s sake, however, it will be proper liriefly to point out 
liow the multiplication of etlUits, like tlm ijistability of 
the homogeneous, is a corollary from the perHisteiice of 
force. .. 

''I’hings wliiehwo call dilTerent are tilings which react in 
dillerent ways; and we can know tlicin as different only liy 
the dilforences in their reactions, W'lxm we distinguish 
bodies as hard and soft, rough and smooth, we simply mean 
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that certain like mrisciilar forces expended on them arc fol- 
lowed by unlike sets of sensations— unlike reactive forces. 
Objects that are classed as red, blue, yellow, etc,, are objects 
that decompose light in strongly contrasted ways; that is, 
we know contrasts of color as contrasts in the changes pro- 
duced in a uniform incident force. Manifestly, any two 
things which do not work unequal effects on consciousness, 
either by unequally opposing our own energies or by im- 
pressing our senses with, unequally modified forms of cer- 
tain external energies, cannot be distinguislied by us. 
Hence the proposition that the different parts of any whole 
must react differently on a uniform incident force, and 
must so reduce it to a group of multiform forces, is in es- 
sence a truism. A further stop will reduce this truism 
to its lowest terms. 

When, from unlikeness between fche effects they produce 
on consciousness, we predicate unlikeness between two ob- 
jects, what is our warrjintr* and what do we moan by the 
unlikeness objectively considered? Our ^varrant is the 
persistence of forcje. Home kind or amount of cliange has 
been wrought in us by tlic one which has not been wrouglit 
by the other. This cluingo we ascribe to some force exor- 
cised l>y tlic one wliich the otlior has not exercised. And 
we have no alternative but to do this or to assert that the 
change had no antccjcdcmt; which is to deny the persistence 
of force. Wlicncc it is further manifest that what we re- 
gard as the objcictive unlikoncss is the presence in the one 
of some force, or set of forces, not present in the other- 
something in the kiiuls or amounts or directions of the 
constituent forces of the one, which those of tlie otlier do 
not parallel But now if tilings or parts of things which 
we call different are those of wliich the constituent forces 
differ in one or- in (ire respects, what must happen to any 
like forces, or any uniform force, falling on tliom? Sucli 
like forces, or parts of a uniform force, must be differently 
moclifietL ''riio forcie whicli is present in tlic one and not 
in tlie otlior must bo an element in the conflict— must 
produce its equivalent reaction, and must so affect the 
total reaction, d'o say otlierwise is to say tliat this differ- 
ential force will produce no effect, which is to say tliat 
force' is not persistent. . 

I need not develop tliis corollary further. It maiiifastly 
follows that a uniform force, falling on a uniform aggre- 

25 , I, 
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gate, miBt tnidejgo c]isi:)en«5ioii that falling on an aggre- 
gate niade tip of iinlike parts, it must iriulergo clispersion 
from each part, as well as qualitative dif&jxuitiatioii^ that 
ill proportion as the parts arc iinliko, tlieso qualitative 
clilferentiatioiis nuistbemarked; tluit in proportion to the 
numter of the parts, they must be ininierous; that tlie 
secondary forces so produced must undergo furthevr trans- 
formations while working equivalent triirisforinations in 
tlie parts tliat change them, and similarly with the forces 
they generate. Thus tlie conclusions that a part-cause of 
Evolution is the multiplication of elfeets, and tlmt tins 
increases in geometrical progression as tim luctcrogeneity 
becomes greater, are not only to be establislicd iiiductivcly, 
but are deducible from the deciiest of all trutlis. 


GEAPTEll XXL 

SEORKOATION. 

§1(13. The general interpretation of Evolution is fur 
from being completed in tin*, prcce<.[i ng <*ha}>i(ws. W'e 
must contemplate its changes under yet aimtlier aspect, 
before we can form a delinite conception of tlie iirocoss 
constituted liy them. Thougli tlie laws already set fortli 
furnish a key to the rearrangement of parts whicth Evolution 
exhibits, insofar as it is an advance from tlicriiiiiforirn 
to tlic^ multiform; t<hey furnish no key to this reurra,iige- 
m out in so far as it is an advaiice from tlie iinleliiiite to 
the delinite. On Btiniying tlie iKjtions u,nd reactions 
everywhere going on, we have found it to follow iiuwitably 
from a certain primordial trnth, tlmt tiu^ lioniogeneous 
must lapse into the heterogeneous, and that the luitiiroge- 
neous must liccomo more lietenigeneous; but we liavo not 
discovered why the diferently atfected part,s of any Bimple 
’whole become clearly marke<foif from eac’h oilu*r at the same 
time that tliey become unlike. Idms far no reaHon lias 
been assigned wliy tliere should not ordinarily a.riseavague 
'cdiaoticjKd.tirog(nieity in iilace of that ordmdy iK^terfige- 
neity disjilaycal in Evolution. It still reniaiim to find out 
the cause of^ that !oc,al integration whicdr aceximpaiiies 
local diilxircn^itiatu* on— that gradually completed segregation 
nf ^ like unite into a group, distinctly "''separated from 
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neighboring groups wliioh are severally made up of other 
kinds of units. ^ The rationale will be conveniently intro- 
duced by a few instances in which we may watch this seg- 
regative process taking place. 

When toward tlio end of September the trees are gain- 
ing their autumn colors, and we are hoping shortly to see 
a further change increasing still more the beauty of the 
hmdscape, we are not uncommonly disappointed by the oc- 
currence of an equinoctial gale. Out of the mixed mass 
of foliage on eacli. brancli, tiie strong current of air carries 
away the decaiying and brightly tinted leaves, but fails to 
defacli those wliicli are still green. And while these last, 
frayed and seared by long-continued beatings against each 
other, a.nd. the twigs around them, give a sombre color to 
the woods, the red and yellow a,nd orange leaves are col- 
lected together in ditches and Ijehind walls and in corners 
where eddies allow tliem to settle. That is to say, by the 
action of that iiniform force wdiich the wind exerts on 
both kinds, the dying leaves are picked out from among 
their still living coiripauions and gathei‘ed in places by tliem- 
selves. Again, tlio separation of particles of different 
sizes, as dust and sand from pebbles, may be similarly 
effected, as we see on every road in ilarch. And from the 
days of llomer downward, the power of currents of air, 
natural and artificial, to pari; from one another units of 
unlike spccifio gravities, has been habitually utilized in 
the winnowing of cliaff from wheat. In every river we 
SCO how t.lie inixcnl materials (jarried down are separately 
deposited— how in rapids tlie bottom gives rest to nothing 
but boulders and |)el)hles; how where the current is not 
so strong, sand is let fall, andliow in still other places there 
is a Betliment of mud. selective action of moving 

water is commonly ap|)li(?d in the arts to obtain masses of 
particles of different degrees of fineness. Emery, for ex- 
ample, after being ground is carried by a slow curront 
tliroiigli succx^ssivcrconipartmcnts, in the first of which the 
'■■largest grains subside.;' in the. second of which the grains ' 
that reach tlie bottom before the water lias escaped are 
somewhat smaller; in the third smal lor still; until in the 
last there are deposited only those finest particles which 
fall so slowly through the water that they have not pre- 
wioiialy beeB-able to reach thebottom. , .And in a way' that 
is different though equally significant, this Begregative effect 
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exemplified in the carrying away of 
soluble trom insoluble matters— an application of it liourlT 
made m every laboratory. The eifects of tlie uniform 
forces wbicb aerial and aqueous currents exercise are nar- 
alleled by those ot uniform forces of otlier orders Floe 
trie attraction will separate small bodies from larmi’ or li.rht 
bodies from heavy. By magnetism, grains of iron rmw bo 
selected Irom among otlier grains; as liy tlie .Sheffield 
grinder whose magnetiiied gauze mask liltens out the nted- 
dust which his wheel gives oil', from the stone-dust that 
accompanies it And how the affinity of any agent acting 
diiierently on the components of a given body hnuliles m 
to take away some component and leave the rest behind’ 
is shown in Elmost every choinicnJ ^ 

_ what now is the general trutli hero variously presented f 
How are these_ several facts, and countie.ss siniilar on(i.s, to 
be expressed m terms tliat embrace tlumi all? In e’lci; 
case we see iji action a force which may Ixi rcf^'ardcMl m 
simple or uniform-fluid motion in a certain direction at ■ 
a_ certain velocity; electric or magnetic attraction of a 
given ainount; chemical allinity of a particular kind ■ or 
ratier, in stnetnoss, the acting force is eompomideil of 

tion, etc. In each case wo have an aggregate mu(h> un of 
nnhke units-either atoms of differe.Tt siibstamS' cilnil 
b mod 01 intimately iningled, or fragments of the same 
substaiice ol: di ierent sizes, or other eonstitiient parts that 

tributes, yid in each case these unlike units, or cronns 

iffihimme ri ‘ (insists, are, under the 

inilu 3UC0 of soine resultant ioree aefcinir iraiisc’ririiriHifb^lv 
on them all, soparateil from eiudi othmw.se<uaS 
iBiiior aggrogates, each consist, ing of units tluitrare H(*vcraUv 

febM look for * oommon aspe.d, of these changes, 

^ “ coJ«mon interpretation of them, 

on«° chapter on The Instability of the Homogene- 
ous, it was shown that a uniform force faliimr oif anv 

modifloatioim in its liilferont 
parte-— turns the uniform into the multiform and the 

wi ought consists of either insermitile or sensihin 

ohms«, ot roUiro pcitta among lI.o nniror h b™l - 


389 


FIRST FRINCIPLFS. 

either of those molecular rearrangements which we call 
chemical, or of tliose larger transpositions which are dis- 
tinguished as mechanical, or of the two united. Such 
portion of the permanentlj eflective force as reaches each 
dilferent part, or dillerentJy conditioned part, may be ex- 
pended in modifying the mutual relations of its constitu- 
ents; or it may be expended in moving the part to another 
place; or it may be expended partially in the first and 
partially in tlm second. Hence so much of the perma- 
nently effective force as does network the one kind of 
eilect must work the other kind. It is manifest that if 
of the permanently effective force which falls on some com- 
pound unit of an aggregate, little, if any, is absorbed in 
reamingiog tlio ultimate components of such compound 
unit, much or the whole must show itself in xiiotion of 
sucli compound unit to some other place in the aggregate, 
and conversely, if littlo or none of this force is absorbed 
in generating meclianical transposition, much or the whole 
must go to produco molecular alterations. What now 
must follow from tliisf In cases where none or only part 
of the force generates cliemical redistributions, what phys- 
ical redistributions must bo generated V Parts that are 
similar to eacjh other will be similarly acted on by the 
force, and will similarly react on it. Parts that are dis- 
similar will be dissimilarly acted on by the force, and will 
dissimilarly rcaot on it. Hence tlie permanently effective 
incident force, when wholly or partially transformed into 
mochanicjal motion of the units, will produce like motions 
in units that are alike, and unlike motions in uxiits that 
arc unlike. If then, in an aggregate containing two or 
more orders of inixed units, those of the same order will 
1)0 moved in the sanio w^oy, and in a way that (liflers from 
that in whicli units of other orders are moved, the respec- 
tive orders must segregate. A group of like things on 
wliicli are impresBed motions tliat are alike in amount 
and direction must be transferred as a group to another 
place', and if they are mingled with some group of other 
things, on which the motions impressed are like each 
otlier, hut unlike those of the first group in amount or 
direction or both, those other things must be transferred 
as a group to some other place— the mixed units must 
undergo a simultaneous selection and separation. 

In further elucidation of this process, it will be well 
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here to set down afow instances in wliicli we may see tliat, 
other tilings equal, the (loilniteness of i.lie separation is in 
proportion to the deiiiiiteness of tlie diilereiice between 
the units. Take a handful of any poirnded substance, con- 
taining fragments of all sis^es, and let it fjdl to ilie gj’oirnd 
while a geiitlo breeze is blowing. L*irge fragments 

will be collected together on the ground airnost inimcrlia tcly 
under the hand; somewhat snudicr fragiucnts will be car- 
ried a little to the leeward; still Binallcr oiies a little far- 
ther; and those ininuto particles which we call dust will 
be drifted a long way before they reach the (airtb: that is, 
tlie integration is indefniito where the dilTereiice ainoug the 
fragmonts is indefinite, though the divergences is grtaitest 
wliere the clilferenco is groatiist. Jf, again, tlie Inmdful 
bo made up of cpii to distinct orders of uliiis— as pcdib^ 
coarse sand, and dust — these u’ilb undm’ like c<>iidit;ions, 
be segregated with comparative delhiidmess: the |)elibles 
will dro]) almost vertically; the Baiul will fall in an in- 
clined direction, and deposit itself within a t.oli‘,rahly dr- 
cuinscribcd space beyond tlie ptddilcs; whih*- ilu* will 
be blown alrnost horlzontaUy to a great diHtanc<?, A (aise 
in wliich another kirul of force comes into play will still 
better illustrate this truth, ''i'hrough a mixed aggrt‘gateof 
soluble and insoluble sulistances, let wafer slowly perco- 
late. Tliero will in tlio first placu 1)0 a iudislJiiot parting 
of the substances that are tiio most widedy contrastiHl in 
their relations to the atdfrng forces; the soluble will be 
carried away; the insoluble will rciimiu l)ehiii(L Ftirtluu', 
some separation, thoiigli a 1(^SB definite one, will be tilftaded 
among tlie Bolublci substances; since tlie first part of flie 
current will remove the must solultlc Bul)sian<a*B in tlie 
largest ainoimts, and after these have been all ilissolved, the 
current will still eontinno to bring out the remaining'. Icjhs 
soluble substances. Even tho undissolvca'l matf.'Crs will liave 
simultaneously , nndorgono n ccrtai'ii segn"‘gati'On ; for t1)e 
meroolatinghfluid, will carry ..'down tlie minute fraginentS' 
irom'',among' the'', large -ones, and will deposit those, of Hiindl 
'Specific gravity,' in .one .place, and those of great fie 
gravity in another. To' complete the eluci<1atio!,i we must 
'glance'at the obverse fact, , namely, that mix(,al units wliicli 
■differ, but slightly . are 'moved in but' sliglitly different ways 
,}:)j incident" forces, and, caiv.'thBri5fo,re' be separiitcd only 'by 
.saC'h adjustments of the- incident . 'forces 'iiS' ■ allow ' slight 
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differences to become appreciable factors in the result. 
This trutli is imide manifest by antithesis in the instances 
just given but it may be made much more manifest by 
a few such instances as those which chemical analysis sui)- 
plies in abundance. The parting of alcohol from water by 
di.stillation is a good one. Here we have atoms consistiim 
of oxygen and hydrogen mingled with atoms consisting of 
oxygen, hydrogen, and carbon. The two orders of atoms 
have a considerable similarity of nature; they similarly 
maintain a fluid form at ordinary temperatures; they 
similarly become ga.seon.s more and more rapidly as the 
temperature is rsiised, and tliey boil- at points not very 
far apart. Now this eom])arative likeness of the atoms is 
accompanied by difficulty in segregating them. If the 
mixed fluid is unduly lieated, much water distils over 
with the alcoliol; it is only within a narrow range of tem- 
perature tliat tlio one set of atoms are driven off rather 
tliau the others, and oven then not a few of the others ac- 
company thetn. priio rmrst interesting and instructive ex- 
ample, liowever, is furnished by certain phenomena of 
crystallisiatiou. Wlion several salts that liavc little anal- 
ogy of constitution aro dissolved in tlio same body of 
water, they ar(,j separated wilihout rauc.h trouble by cry.stalli- 
Katiori; their respec.tive units moved toward each other, as 
physici.sts supixtse, liy polar forces,, segregate into crystals 
of their respective kinds. The crystals of each salt do, 
indeed, u.sually contain certain small amounts of the other 
sulfa j)resoiit in the solution— e.specially when the crystal- 
lisiation has Imen rajiid ; hut from tlieso other salts they 
aro severally treed by repesakid re-solutions and crystalli- 
zations. Mark now, however, that the reverse i.s the case 
when tile salts contained in tlie same body of water are 
cliemically liomologous. Tlio nitrates of baryta and lead, 
or the sulphates ol zinc, soda, aiul magnesia, unite in the 
same crysuls; nor will they crystallize separately if these- 
crystals bo di.ssolved afrasli, and afresh crystallized, even ' 
with great caro. On seeking tlio cause of this anomaly, 
cliornisfa found that such salts were isomortihons— that 
thoip atoms, tliongh not chemically identical, were identi- 
cal in the proportions of acid, base, and water, composing 
them, and in their crystalline forms; whence it was in- 
ferred that their atoms arc nearly alike in structure. 
Thus is clearly illustrated the truth that units of unlike 
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kinds are selected out and separated with a readiness pro- 
portionate to the degree of their iinlikcness. In tlie first 
ease we see that being dissimilar in tlieir forms, but similar 
in so far'as they are soluble in water of a certain i,emper- 
atiire, the atoms segregate, tliongh iiripea'Iectly. In tlio 
second case wo see that the atoms, having not onl}^ tlie 
likeness implied by solubility in the same inejistrnnm, but 
also a great likeness of structure, do not st‘gregate' — are 
sorted and parted from each other only under rpiite special 
conditions, and then very incompletely. That; is, the in- 
cident force of mutual polarity iinpresses unlike motions 
on the mixed units in proportion as tliey are unlike, and, 
therefoio, in proportion as tlioy are unlike, tends to de- 
posit them in separate places. 

There is a converse cause of segri,?gatiou wliich it is 
needless here to treat of with equal fulness. If difTerent 
units acted on by the same force must be dillereiitly 
moved, so, too, must units of the sa/irie kiud be liiirerently 
moved by dilferent forces. Supposing some group of 
units forming part of a. horuogen(.‘ous tiggn^gtite tu’o 
unitedly exposed to a forc'c tluit is nnliki! in amount or 
direction to tlie forcio acting on the rest of tlu? aggiagate; 
then this group of units will sejjurate from the rf‘sl:, pro- 
vided tliat, of the force so acting on it, there remaiim 
any portion not dissipated in molecnlar vil)rationH nor 
absorbed in producing molccuhir reiirrangtmieuts. Alter 
all that lias been said above, this proposition iietals no 
dof(mcu). 

Before ending our preliminary exposition, a eomplo- 
montary truth must be specilieti, namely, that mixed forctig 
are Bcgrcguted by the reaction of onifoVm masters, just as 
mixed matters are B(‘.grcgate(l by the aotion of uniform 
forces. Of this truth a cannplete and Htdlieienfc illustra- 
tion is furnished by the dispersion of refracitid light A 
beam of light, xnado up of etlH.na^al undulations of diffeu'- 
ent orderg, is not uniformly deflected by a liininjgiuiianis 
refracting body ; but the different (>nlerB\)f undulations it 
contains are deflected at difftwent angles; the result being 
tlmt tliese different orderg of undulations are separatecl 
and intt‘grated, and go produce what we know as the colors 
of the spectrum.. A segregation of anotl,ief kind occjurs' 
..wlienrays of .light traverse an obstructing medium. Those 
rays which consist of comparatively short undulations are 
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absorbed before those which consist of comparatively long 
ones, and tlie rod rays, which consist of the longest imdu- 
lations, alone penetrate when the obstruction is very great. 
How, conversely, tliere is produced a. separation of like 
forces by the I’eaction of unlike matters, is also made 
manifest by th(3 plienmnena of refraction; since adjacent 
and parallel beams of liglit, falling on and passing through 
unlike substances, are made to diverge. 

§ 164. Oil the assumption of their nebular origin stars 
and planets exemplify tliat cause of material segregation 
last assigned — tlic action of unlike forces on like units. 

In a preceding chapter (5^ 150) we saw that if matter 
ever existed in a diffused form it could not continue uni- 
formly distributed, but must break up into masses. It 
was sliown that in the absence of a perfect balance of 
mutual attractions among atoms dispersed through un- 
limited spacic, tliero must arise breaches of continuity 
tliroughont the aggregaf.e formed by tliem, and a concen- 
tration of it toward ccnti‘es of dominant attraction. 
Where iiny such l)reacli of continuity occurs, aaid tlie 
ai.oms that were h(‘foi*o adjjicent separate from each other, 
tluiy (lo so ill coiiscHjuence of a diffurenee in tlie forces to 
wliich they are respectively subject. The atoms on the 
one side of the breach are exposed to a certain surplus 
attraction in the direction in which they begin to move, 
and those on the otlior to a surplus attraction in the op- 
posite direction, ff’liat is, tlie adjacent groups of like 
units are exposed to unlike resultant forces, and accord- 
ingly separate and integrate. 

Tiic formation and detacliment of a nebulous ring illus- 
trates tlie Bame general principle. To conclude, as Laplace 
did, tluit the equatorial portion of a rotating nebulous 
Bplierohl will, during ecncentration, ac(|uira a centrifugal 
f()r(5e sufficient to prevent it from following the rest of the 
contraiding mass, is to ooncludc that such portions will 
remain behind as are in common subject to a certain 
(lifferential force. Tlie line of division between the ring 
and tlie siiheroid ninst be a line inside of which tlie ag- 
gregative force is greater than the -force resisting aggre- 
gation, and outside of winch the force resisting aggregation 
is greater than the aggregative force. Hence the alleged 
.process'., conforms to the law,, that among like units, exposed' 
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to unlike forces, the similarly conditioned part from the 
dissimilarly conditioned. 

§ 165. Those geologic changes usually classed as aque- 
ous display under numerous formst he segregation of un- 
like units by a uniform iiujidont force." ()n sea-shores 
the waves are ever sorting out and separating the mixed 
materials against whicli they break, hrem each mass of 
fallen cliff the rising and ebbing tide carricjs away all tlioso 
particles which are so small as to remain long siLspeitdcal 
in the water; and, at some distance from sliorc, deposits 
them in the shape of lino sediment. Large particles 
sinking with comparative rapidity, are iicciu'mdated into 
beds of sand near low-water murk. 'J'lio coarse grit and 
small pebbles collect together on the incliuo np wliioli the 
breakers rush. And on tlie top lie the liirgcr stones and 
boulders. Still more specitk! segivgations may occiisionally 
be observed. Flat pebbles, produtafd by the Ifreakiiig 
down of laminated rock, are sometimes seiiaratoly (aillccted 
ill one part of a shingle bank. On Oiis shore the dc|M),sit 
is wholly of mud; on that it is wholly of sii.nd. Ih-re we 
find a sheltered cove Jilled with small [iclthics almost of 
one size, and there, in a curvwl bay oiui end of which is 
more exposed than the other, wo see a iirogrcssi vo iucreaso 
in the massiveness of the stones us wo walk fi-om the less 
exposed to the more exposed end. 'rnice the history of 
each geologic deposit, and wo are quickly led down to' the 
fact that mixed fragments of matter, dilfcring in their 
sizes or weights, are, when exposed to 1.he niomentum and 
friction of water, joined with tlie attraction of the iiirth, 
selected from each other, and united into groups of com- 
paratively like fragments. And wo see that, otlier things 
equal, the separation is definite in proport ion as the differ- 
ences of the units are marked. After they have been 
formed sedimentary strata exhibit segi-cgatioim of anoflior 
kind. Xii6 fUntiB and tdui iKKiuIoH of inni ijyritos that are 
found in chalk, as well as the silieious concretioim which 
oceasiomdly occur in limestone, can be interiiretcd otdy iw 
uf atoms of silex or sidphurct <»f iron, orig- 
inally diffused almost uniformly through tlie deposit, Imt 
giadually collected round certain centres, uotwitlistaiuliiig 
the solid or semi -sol id state of the surrounding matter. 
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Wha.t is called l>og iron-ore supplies the conditions and 
the result in still more ol)vious correlation. 

Among igneous changes we do not find so many exam- 
ples of the process tlescribed. When distinguishing sim- 
ple and compound evolution, it was pointed out (g 102) 
that an excessive quantity of contained nioleciila.r motion 
prevents permanence in those secondary redistributions 
which make evolution compound. Nevertheless, geological 
phenomena of this order are not barren of illustrations. 
Wliere the mixed matters composing the Earth’s Crust 
have been raised to a very high temperature, segregation 
liabitally takes place as tlie temperature diminislies. Sun- 
dry of tlio BubBtaiices tluit escape in a gaseous form from 
volciinoes sublime into cryKstals on coming against cool 
surfaces, and solidifying as tliese substances do, at differ- 
(rnt teinpcrrjitures, tlioy are deposited at different parts of 
tlic crevices tlrrough which they are emitted together. 
Tlic best illustration, however, is furnished by the changes 
tluit oc(Uir during the slow cooling of igneous rock. 
Wlien, througli one of the fractures from time to time 
made in tlic solid sliell wliich forms the Earth’s crust, a 
portion of the mol tcni nucleus is extruded, and when this 
is cooled witli comparativo rapidity, tlirough free radiation 
and contact wiili cold masses, it forms a substance known 
as trap or basalt— a substance that is uniform in textures 
though made up of various ingredients. But when, not 
escaping througli the Biiperfieial strata, such a portion of 
the molten niicleus is slowly cooled, it becomes what we 
know as granite; the mingled particles of quartz, feldspar, 
and mica, lieing kept for a long time in a fluid and semi- 
fluid state — a state of <K)inparativo moliility — undergo tliese 
clianges of position which tlie forces impressed, on them 
by their fellow-units necessitate. Having time in wliich 
to generate the rcHjuiBite motions of tlie atoms, the diHer- 
ential forces arising from^ in u tual poltunty segregate the 
quartz, feldspar, and mica into crystals, llow completely 
this is dopiiiident on tlie long-continued agitation of tlie 
mixed partich^s, and consequent long-continiicd mobility 
by small differential forces, is })roved by the fact that in 
granitenlykes tluv crystals inihe centre of the,; mass, where 
the fluidity or scuni-fhihlity cini tinned for a longer time, 
are much larger than thoee at the sides, where contact with 
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tlie iieigliboring rock caused more rapid cooling and solid- 
ification. 

§ 106. Tlie actions going on tliroughont an organism 
are so involved and subtle that wo cannot expt'ct to idcuit- 
ifj the particular forces by wbioh pariieular segregatioiiB 
ue effected. Among the few instances admitting of toler- 
ably definite interpretation, tlm best are tliose in which 
mechanical pressures and tensions are theagcnei(3sat work. 
We shall discover several on studying tlie bony fnirnc of 
the higher animals. 

The vertebral column of a man is subject, as a whole, 
to certain general strains—tlieweiglit of the body, togetlior 
with the reactions involved l)y all (^oMsicleralihi muscular 
efforts, and in conformity with this, it has l)ecome S(‘gi*e- 
gated as a wliole. At tlic sa.ino time, being expos<’<l to 
different forces in tlie course of those laii I'al bendings wliich 
the inovements ne(aiSHita;te, its [iarts nd;iin a ceidain s(‘|)- 
ai'ateness. And if wo trace up the <lc\'i‘Iopment of the 
vertebral column from its primitive form of aearlibigiiKnis 
cord in the lowest fishes, wt^ see tbat, Ibrougliout, it main- 
tains an integratiou corresponding to tin* nnity of the 
incident forces, joined with a division into Hcgnu'nis cor- 
responding to th(i variety of the incidiuji. for(‘cs. Eu<‘h 
segment, considered apart, exemplifies the truth more sim- 
ply. A vertebra is not a single lame, but c<»nsisi:H of a 
cjentral mass with sundry a|)p(ujdages or {)roci*sse«, and in 
rudimentary types of vertelira? ihes(* app(m<htg(*B ari* ^|uito 
separated from the central nujss, and, indeed, exist before 
it makes its appearance. Hut tb(‘se sm'eral imk'pi*iulent 
bones, constituting a primitive* spinal segment, are Huliject 
.to a certain aggregate of ..forces wiiicli agree more tlniu 
thejditfer: as the fulcrum toagroup of musclcH habit, ually 
acting together, they per|)etual ly midt'rgo c(‘rt a i n rt^acl ions 
in coiriraon. And accord i ugly we see tlial- in flie (;ourse nf 
rlevelopment they gradually c^oalesci^. Blill ('leari'f is f lie il- 
lustration furnished by spitial si‘giiu;‘nts that iMuamn* fma*d 
togetlior wliere they are toget.lier exiiosed to soim^ prcMiom- 
inant strain. Tlie sacrum (.‘onsists of a group of Vi*rtebrni 
firmly united. In tlie ostrich ami its (Nmgenors tlnu’c arts 
from sevimtcen to ■twtmty. sacral vertebra*, 'arid bt^sides' Ijtn 
ing confluent witli each other, 'theBa aiarf.ionflu'eiit wiili' the 
iliac'.bones.,, which, run'.on each side ,of ■' them*. 'If-iiow'.wo 
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assume these vertebrjB to luive been originally separate as 
they still are in the embryo bird, and if we consider the 
meclianicMl e-onditions to which they must in such case have 
been exposed, wc sliall see that their union results in the 
alleged way* For througli those vertebra the entire weight 
of the body is transferred to the legs: the legs support the 
pelvic arch; tlie pelvic arch supports the sacrum ; and to 
the sacrum is articulated the rest of the spine, with all the 
limbs and organs attached to it. Hence, if separate, the sa- 
cral vertelirm must be held firmly together by strongly 
eontracted muscles, and must, by implication, be prevented 
from partaking in those lateral movements which the other 
vertebrae undergo — they must be subject to a common 
strain, while tliey are preserved from strains which would 
affect them differently; and so they fulfil tlie conditions 
under which segregation occurs. But the cases in which 
cause and effect arc brought into tlie most obvious relation 
are supidied by the limbs. The metacarpal bones (those 
whicli in man support the palm of the hand) are separate 
from eacli oilier in tlurmagority of mammalia; tlie separate 
actions of tlie toes entailing on them slight amounts of sep- 
arate inovements. This is not so, however, in the ox-trilie 
and the ^ horse-tribe. tlio ox-tribe, only the middle 
metacar]mls (third and fourth) are developed; and these, 
attaining massive proportions, coalesce to form the cannon 
bone. In this horse-tribe, the segregation is what we may 
distinguish as indirect; the second and fourth metacarpals 
are present only as rudiments united to the sides of the 
third, while the third is immensely developed; thus form- 
ing a cannon bone whicli differs from that of the ox in 
being a single cylimlor, instead of two cylinders fused to- 
gether. The metatarsuB in tliese quadrupeds exhibits par- 
allel changes. Now each of tliese metamorphoses occurs 
where tlie dilferent bones grouped together liave no longer 
any different functions, l)ut retain only a coinmon function. 
Tlie feet of oxen ami Iforscs arc used solely for Icxmmotion 
—are not put, like those of unguiculatc mammals, to pur- 
poses which involve some relative moyements of the meta- 
carpals. Tims there directly or indirectly results a single 
mass of bone where tlie incident force is single. And for 
the inference that these facts have a causal connection, we 
find confirmation tliroughoutthe entire class of birds; in the 
wings and legs of which like segregations are found under 
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like eonrlitions. While this sheet is passing through tlie 
press, a fact illustrating this general truth in a yet more 
remarkable miinner has been mentioned to me ijy Prof. 
Huxley, who kindly allows mo to make use of it while still 
impublishod by him. Tim (Hyjdofhn, an extinct mammal 
found fossilized in South America, has long lieen known as 
a large uncouth creature allied to tlie ara'iadillo, but hav- 
ing a massive dermal armor consisting of polygonal plates 
closely fitted together so as to make a vast box, incsloaing 
the body in such way as effectually to jn'event it froru 
being bent, laterally or vertically, iii the slighte.st degree. 
This bony box, which must have weiglied several luimlred- 
weight, was supported on the spinous i)ro(:!e,«S(:‘s of the ver- 
tebrte, and on tho adjacent bones of tlie pelvic and tho- 
racic arches. And the siguincant fact now to Ik; noted is, 
that here, where tho trunk vertebra! weix* together ex|:)osed 
to the pressure of tliis heavy dermal armor, at the same 
time that, by its rigidity, they were preserved from all 
relative movements, tlie entire'series of them were united 
into one solid, continuous bone. 

Tho formation and mainteiiam'o of a species, considered 
as an asscmblago of similar organisms, is intei'i ire table 
in an analogous way. We have already seen (hut in so far 
as the members of a species are subject to different sets of 
incident forces, they are differentiated, or divideil into 
varieties. And hero it remains to add tlmt* in so far as 
they are subject to like sets of incident forees, they are 
segregated, or reduced to, and kept in, the sial,e of a uni- 
iorm aggregate. For by tho process of “ natural selection,” 
there _is a continual purificaiion of eaeli species from (.hose 
individuals which depart from the common type in ways 
that unfit them for the conditions of their existence. 
Consequently, there is a continual leaving lieliind of Ihoso 
individuals whicli are in ail respects fit for the eontlitions 
of their existence, and arc therefore verv nearly alike. 
The circumstances to whicli any species is‘'t>xpostHl fieing, 
as we before saw, an involved comhinution of incident 
forces, and the members of the siHicies having mixed with 
them some that differ more than usual from the average 
structure required for meeting these forces, it results that 
those lorees are eonstantly separating such divergmit indi- 
viduals from the rest, and HO preserving the viniforinity of 
the rest— keeping up its integrity us a species, dust as the 
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cliaiiging autiiBin leaves are picked out by tlie wind iroin 
among the green ones around them, or just as, to use Prof. , 
Huxley’s simile, the smaller fragments pass tli rough the 
sieve while tlio larger are kept 'back, so the UTiiform inci- 
dence of external forces affects the members of a group of 
organisms similarly in proportions as they are similar, and 
differently in proportion as they are different, and thus is 
ever segregating the like by parting the unlike from them. 
Wlietlier these sepa,i*ated members are killed off, as mostly 
happens, or whether, as otherwise happens, they survive and 
multiply into a distinct variety, in consequenee of tlieir 
fitness to cei'tain partially niiliko conditions, matters not to 
the argument. The one case conforms to the law, that the 
unlike units of an aggregate arc sorted into their kinds and 
parted wdien uniformly subject to the same incident forces; 
and tlie other to the (tonverse law, that the like units of an 
aggregate arc pa-rted and separately grouped wlien subject 
to diftertm^ And on consulting Mr. Dar- 

win’s remarks on divergence of character, it will be seen 
that tlie segregations thus caused tend ever to become more 
dolinito. 

§ 1(57. Mental evolution, under one of its leading aspects, 
we found to consist in the formation of groups of like ob- 
jects and like relations— a differentiation of the various 
things originally confounded together in one assemblage, 
and an integration of each separate order of tilings into a 
separate group (§ 153). Here it remains to point out that 
wliile unlikeness in the incident forces is the cause of Biich 
differentiations, likeness in the incident forces is the cause 
of such i ntegrations. For wliat is the process th rough wli i eh 
classifications are established ‘f At first,, in common with the 
Tininitiated, the botanist recognizes only sucli conventional 
divisions as tliose which agriculture lias established— tlis- 
tinguislics a few vegetuliles and cereals, and groups the rest 
together into the one miscellaneous aggregate of wild plants. 
IIow do these wild pl^uits bee^imogroufied in liis mind into 
orders, genera, and species? Each iilant he examines yields 
him a certain oorniilex impression. Every now and then he 
picks up a plant like one before seen; and the recognition 
of it is the production in him of a like connected group of 
sensations, by a like connected group of attributes. That 
is to say, there is produced throughout the nerves con* 
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cerned a combined set of changes, similar to a combined 
set of changes l)efore produced. ' Considered anidytically 
each such combined set of changes is a combined set of 
inolecuiar modilications wrought'iii tlic ail'oct(Kl part of the 
organisnn On every repetition of the impression, a like 
combined set of molecular modifications is suiicrposed on tlie 
previous ones, and makes them greater: tlmsgeiieratin'i- an 
internal idea corresponding to tliese similar e.vternul obiects. 
Meanwhile, another kind of plant produces in tlio brain of 
the botanist another set of eombiued changes or molecnlar 
modilications — a set wdiich docs not agree wilii and deepen 
the one wo have been considering, but disagrees with it- 
and by^repetition ot such there is generated a dilferont idea 
answering to a dilferent s]iccies. What now is the nature 
of this process expressed in general tm-nis? On the one 
hand there are tlie like and unlike things from which soy* 
erally emanate the gi-oups of forces by whicli we iierceive 
them. On^ the otlier hand, tliero are tlie oi-gans of sense 
and percipient centres, througli wliich, in ilm coiir.so of 
observation, these groups of forces pass. In pnssiii" 
tiirougli these organs of sense and ])ercipierit centres, the 
like groups of forces are segregated, or separated from’ tlio 
unlike groups of forces; and each sucli series of grimjis of 
forces, parted in this way from otlicrs, answering to an e.x' 
teinal genus or species, constitutes a slate of consiuousness 
which we call our idea of the genus or species. Wo before 
saw that as well as a separidaon of mixed matters liy fhe same 
iorce, tliere ks a sojiaration of mi.vi'd forces by the same 
matter; and liere we may further see that the unlike forces 
so separated work unlike structural cliungi's in the ag- 
gregate that separates them — structural clianges each of 
which thus reprosfinte, and is equivalent to, the integrated 
series of motions that has produced it. 

By a parallel proeeffii the conneetioiivS of coexisteneo and 
sequence among impressions beeome sorted into kinds and 
grouped simultaneously with the impressions tiienmelves. 
vyheu two phenomena that have been exiierii’iiced in a 
given order are repeated in the same order, those nerves 
which before were affected by the transition are again af- 
lected ; and sneli raolecidar inodilleation as they reeeived 
from thellrst motion propagated througli them, ikincreased 
by tins second motion along the same route. Kaeh such 
motion works a structural alteration, which, iu conformity 
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with the general law sot forth in Chapter IX*, involyes 
a diminution of the resistance to all such motions that 
afterward occur. The segregation of these successive 
motions (or nioi’e strictly, the permanently effective por- 
tions of thorn expended in overcoming resistance) thus 
becomes tlie cause of, and the measure of, the mental con- 
nection between the impressions which the phenomena 
produce* Meanwhile, phenomena that are recognized as 
different from these, being jdienomena tliat therefore affect 
different nervous elements, will have their connections sev- 
erally represented by motions along other routes ; and along 
each of tliese other routes the nervous discharges will sev- 
erally take place with a readiness proportionate to the fre- 
quency with whi(;li experience repeats the connection of 
phenomena. ''.I'lie classification of relations must hence go 
on pari passu with the classification of the related things. 
In common with tlie mixed sensations received from the 
ex ter mil “world, the mixed relations it presents cannot be 
impressed on the organism without more or less segrega- 
tion of theiu resulting. And through this continuous 
sorting and grouping together of changes or motions, which 
constitutes nervous function, there is gradually wrought 
that sorting and grouping together of matter, which con- 
stitutes nervous Btriicture. 

§ 168. In social evolution, the collecting together of the 
like and the separation of the unlike, by incident forces, 
is primarily displayed in the same manner as we saw it to 
be among groups of inferior creatures. The human races 
tend to differentiate and integrate, as do races of other liv- 
ing forms. Of tlie forces which effect and maintain the 
segregations of mankind may first be named those external 
ones which wo class as physical conditions. The climate 
and food that are favoraliic to an indigenous people are 
more or less detrimental to a people of different bodily con- 
stitution, coming from a remote part of the .Earth. In 
tropical regiouB tlio northern races cannot permanently 
exist: if not killed off in the first generation, they are so 
in the second ; and, as in India, can maintain their footing 
only by tlie artificial process of contiiious immigration 
and emigration. That is to say, the external forces acting 
equally on the inliabitants of a given locality tend to 
expel all who are not of a certain type, and so to keep up 
, " m:" "■ - ■ 
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the integration of those who are of that type. Thongh 
elsewhere, as among Enropeati nations, wo see a certain 
amoiint of permanent internrixtiire othemvisc brought 
about, -we still sec tliat this takes place between races of 
not very dilferent types, tliat are naturaliztai to not very 
different conditions. The otlier forces conspiring to pro- 
dneo these national segregations are tliose mental ones 
wliich sliow tliomselves in the aJlinitios of men for others 
like themsclve>s. Emigrants uinnilly desire to get back 
among their own people; and where thedr desire does not 
take effect, it is only because the restraining ties are too 
great. Units of one society who are obligeci to reside in 
another, very generally form colonies in tlie midst of that 
other— small societies of their own. Ra{,'(\s wlricli liave been 
artificially severed show strong tendemdes to reunite. 
Now though tlicse segregations tiui,t result from tlie mutual 
affinities of kindred men do not seem iriterpretalde as il- 
lustrations of the general prin<*iple aliovi*, cuirnciate<l, they 
really are thus interpretaJilc. Wlum treating of t lie direo 
tion of motion (§ 80 ), it was shown tliat the ac'tions per- 
formed by men for the satisfaction of i ludr wants were 
always motions along lines of least resistarua). l\ho feel- 
ings charaedcriring a merii her of a given race are feelings 
whicli get complete satisfaction only among other rrannbers 
of that race— a satisfaction ])art]y derived from sympathy 
with those having like feelings, l)ut mainly derived from 
the adapted social conditions which grow up whore such 
feelings prevail. Wlion, therefore, a (:iti:«en of any nation 
is, as we see, a.ttra(,ited toward ot^hers of his nation, the 
rationale is, that certain agencies which wo call doaires 
move him in the direction of least resiRtamuu Human 
motions, like all otlier motioiiH, being dcdorrniTied by the 
distribution of forces, it follows tliat such segregations of 
races as, .are.'not produced by incident external forces are. 
...produced by fomis which the units of the nufcs exercise' 
on each other. 

During, the development of each, society wai S(.*e a'nalogous 
Beg.rega,tions caused, in analogous, ‘ways. ■ A .few o'f .them 
result from mino.r natural aflinitiesj'lmt those mos't, im- 
portant xmes which constitute' 'Political and industrial or- 
ganiisation result from the union of men in whom., similar- 
ities have been. produced by ediuaition— using .Ciliicmtion in, 
its widest sense, as ■com'prehending, all, proc0sse.s by which 
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citizeriB are moulded to special functions. Men bronglit 
up to bodily labor are men who have had wrought in them 
a certain likeness — a likeness which, in respect of their 
powers of action, obscures and subordinates tlieir natural 
differences. Those trained to brain-work have acquired 
a certain other eominiinity of character which makes 
them, as social units, more like each other than like those 
trained to manual occupations. And there arise class- 
segregations answering to these superinduced likenesses. 
Much more definite segregations take |)lace among the 
mucli more definitely jissimilated members of any class who 
are brought up to tlie same c.alling. Even where the neces- 
sities of tlieir work forbid eoneentration in one locality, 
as among artisans liappens witli masons and bricklaytii's 
and, among traders liappens with the retail distributors, 
and among professionals liappens with the medical men; 
there are not wanting Operative BiiildersVUnions, and 
Grocers’ Societies, and Medical Associations, to show that 
these artificially assimilated eitizens become integrated as 
much as the conditions permit. And where, as among the 
manufacturing classes, the functions discharged do not re- 
quire the dispersion of the citizens tlins artiiicially assimi- 
lated, tlierc is a progressive aggregation of tliem in special 
localitii^s, and a consequent increase in the definiteness of 
the industrial divisions. If now wo seek tlie causes of these 
segregations, considered a.s results of force and motion, we 
find ourselves brought to the same general principle as be- 
fore, Tins likeness generated in any class or subclass by 
training is an aptitude acquired by its members for satisfy- 
ing their wants in like ways. That is, the occupation to 
which eacli man has been brouglit ii]) has become to liini, 
in common with those similarly brought np, a line of least 
resistance. Hence under that pressure whicli determines 
all men to activity, these similarly modified Bocial uivits are 
similarly affected, uind tend to take similar courses. If 
then tliere be any locality whicl), either by its pliysieal 
peculiarities or by peculiarities wrought on it during 
social evolution, is rendered a place where a certain 
kind of industrial action meets with less resistance than 
elsewhere, it follows from the law of direction of mo- 
tion that those social units who have been moulded to 
th is kind of industrial action will move toward this 
place, or become integrated there. ^ If, for instance, the 
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proximity of coal and iron mines to a navigable river 
gives to Glasgow a certain advantage in tiio building 
of iron sliips—ii: the total labor rtu{alred to proiluee 
tlie same vessel, and get its equivalent in food and 
clotliiiig, is less tliero tiian eLsewhei*e, a (‘oncavntrjition of 
iron-ship builders is produced at Glasgow: eitlKu* by k(?ei)- 
iiig there the population born to irun-sliip Iniildiiig, or by 
immigration of those olsewliero engagiMl in it, or by botir 
~a concontration that would be still more marked did not 
other districts offer counterbalancing facilities, 'riu*- |)rin«- 
ciple equally holds where the occupation is mercantile in- 
stead of manufacturing. Stock-brokers cluster togeth(‘r 
in the city, because the amount of <dTort to lie Sitverally 
gone through by them in discharging tladr functions and 
obtaining their profits is less tiua*e than in other local iti(*8. 
A place of exchange having once been (‘stablislnsb becomes 
a place wliero the resistance to tie iiveri'iane by (*:tcli is It ss 
than elsewhere ; and the ininsuit of tliecoMr.se <rf least re- 
sistance by each involves their aggregation aroiuul this 
place. 

Of course, with units so e(>m|)lica,tfHl as ihosi^ which 
constitute a society, and with forces so involved as iliose 
which move them, the resulting selections and separations 
must be far more entangled, or fa.r less delinit-tg ihnn t lioso 
wo Inive hitlierto considered. But tlnmgh tliere may be 
pointed out many anomalies wbicluit tirsi siglit Hiann iu- 
coiivsistent with tlic alleged law, a eb*s(M’ study sliows that 
tliey are l)ut subtlm* illustrations of it. I'Nir like* 

iiOBses being of various kinds, Icu-t! to various oiHlm’sof seg-. 
ragation. There arc likenesses of d]spositi<,m, ItkenesHCB, 
of' taste, likencBseB prodimerl l>y intcll(a,d,uiil <‘iiltnre, like- 
nesses, that result from class-training, likmiivssesof political 
feeling; and it needs but to giunc'o round at t!ic custe-di- 
visions,, tiro, associations fox* pliilantlirojarq sfdmitillcg and 
artistic purpoBOB, ' the relighms parties and social (cliques, 
to,' see that some BpecioB. of ■! ikeness among the,! (?<>ni|,K,aient 
members of: each body determiners tlndr union. Kow the 
different Bogregative ■procifSHes l>y traversing mm another, 
and often by their indirirct antagonism, more c,rr less rd'iamire 
one anotlior’s effects, and" prevent anyone ilifferentiatod 
class from completely integrating. Item*e tlio aiiornalies 
referred to. B'Ut if this ■ cause 'of inctiiirjileteness lie" duly 
"borne in Blind, social segregations, will be' seen to' conform. 
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entirely to tlie same principle as. all other segregations. 
Analysis will show that either by external incident forces, 
or by what we may in a sense regard as mxitiial polarity, 
thero are ever being produced in society segregations of 
tliose units which have either a natural likeness or a likeness 
generated by training. 

§ 1G9, Can the general truth thus variously illustrated 
be deduced from tlio persistence of force, in common with 
foregoing ones? Probably the exposition at the beginning 
of the chapter will have led most readers to conclude that 
it can be so deduced. 

The abstract propositions involved are these: First, 
that like units, sulvject to a uniform force capable of pro- 
ducing motion in them, will be moved to like degrees in 
the same direcvtion. Second, that like units, if exposed to 
unlike forces capable of producing motion in them, will be 
differently moved— moved either in different directions or 
to different degrees in the same direction. Third, that 
unlike units, if acted on by a uniform force capable of 
producing motion in tliom, will be differently moved— 
moved cither in different directions or to different de- 
grees in tlie same direction. Fourtli, that the incident 
forces tliemselves must be affected in analogous ways: 
like forces falling on like units must be similarly modi- 
fied by the conflict; unlike forces falling on like units 
must be dissimilarly modified; and like forces falling 
on unlike units mimt be dissimilarly modified. These 
propositions admit of reduction to a still more abstract 
form: They all of them amount to this: that in the 
actions and reactionB of force and matter an unlikeness 
in either of the factors necessitates an unlikeness in the 
effects; and tliat in the absence of unlikeness in either of 
the factors the effects must be alike. 

Wlien tlms generalii^ed, tlie iinmediate dependence of 
these propositions on the persistence of force becomes 
obvious. Any two forces that are not alike are forces 
wliich differ either in their amounts or directions or both; 
ami by what mathematicians call the resolution of forces 
it may be proved that this dilTerenee is constituted by the 
presence in the one of some force not present in the other. 
Similarly, any two iinits or portions of matter which are 
unlike in size, weight,' form, or other attribute can be 


406 


FIRST 'FRINCIPim. 


known by iis as tinlike only tlioiigli some niilikeness in the 
forces they impress on our consciousness ; lieriee this unlike- 
ness also is constituted by tlie presence in tlie one of some 
force or forces not present in the other. Sucli being the 
common nature of these unlikenesses, what is the inevitable 
corollary? Any unlikeness in the incident forces, wliere 
the things acted on are alike, must generate a difference 
between the effects; since otherwiset he differential force 
produces no effect, and force is not persistent. Any nnlike- 
ness in the things acted on, wliere the incident forces are 
alike, must generate a difference between the effettts; since 
otherwise the diiferential force, wliereby tliese tilings are 
made unlike, produces no effect, and force is Ticdcpersiste * 
While, conversely, if the forces acting and tlie tilings acted 
on are alike, the effects must be alike; since otherwise a 
differential effect can be produced witiiont a diiferential 
cause, and force is not persistent. 

Thus these general trutlis being neccissary implications 
of the persistence of force, all the rcilistributions aliove 
traced out as characterissing evolution in its various jihases 
are also implications of tlio poi-sisteiK^e of force. Hiudi jior- 
tions of the permanently effective forces acting on any ag- 
gregate as produce sensible motions in its })a,rts ears not 
but work the segregations which wo see take |)hice. If of 
the mixed units making np such aggiTgate, those of tlio 
same kind have like motions impressed on them by a uni- 
form force, wliilo units of another kind are mo veil liy this 
uniform force in ways more or less unlike tlio ways in 
which those of tlio first kind are moved, the two kinds 
must separato^ and integrate. If tlio units are alike and 
the forces unlike, a division of tlicHliilerentiy alletitiMl units 
is equally necessitated. Thus there iin^vikbly arises the 
demarcated grouping whioli we every whei*e see, Tiy virtue 
of this segregation that grows ever more deedded wh i le there 
remains any possibility of increasing it, the change from 
uniformity ^to multiformity is ac(jompa-ni(Kl liy a (*liaiige 
.from, indistinctness in the relations of parts to distinctness 
in the relations of parts. As we hdom saw tliat trans- 
formation of the homogoneouB into the htd-erogcneoiig is 
inferable from that ultimate truth wliicli iriinsctemlB proof, 
so wcUiero see that from this same truth is inferable the 
transformation of an indefinitohomogeneity into a definite 
heterogeneity. 
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HQUIUBRATIOlf. 

§ 70. And now toward what do these changes tend? 
Will they go on forever, or will there bean end to them? 
Can tilings increase in heterogeneity through all future 
time, or .must there he a degree whii-h the diiforontiation 
and integration of Matter and Motion cannot jiass? Is 
it possible for this universal metamorphosis to proceed in 
tlie same general course indelinitely, or does it work toward 
some ultimate state, admitting no further modilloation of 
like kind? Tlio last of these alternative conclusions is 
that to which wo are inevitably driven. Whether we watch 
concrete processes, or whetlier we consider the question in 
the abstract, _ we are alike taught tliat Evolution has an 
impassalilo limit. 

I’lio redistrilmtions of matter that go on around us are 
over being lironglit t(,) conclusions by the dissipation of the 
motions which effec.t thorn. The rolling stone parts with 
portions of its momentum to the things it strikes, and 
finally comes to rest, as do also, in like manner, the various 
things it has struck. Descending from the clouds and 
trickling over the Earth’s surface till it gathers into brooks 
and rivers, water, still running toward a lower level, is at 
last arrested Iry the resistance of other water tha.t has 
reached tho lowest level. In the lake or sea thus formed, 
every agitation raised hy a wind or tho immersion of a 
solid body propagates itself around in waves that diminish 
as they_ widen, and gradually become lost to observation 
in motions communicated to tho atmosphere and the 
matter on the shores. 1’ho impulse given by a player to 
the liarp-string is transformed through its vibration 
into aerial pulses; and these, Kproading on all sides, and 
weaken ing as they S|)read, soon eease to be percojitible and 
finall;^ die away in generating thermal undulations that ra- 
diate into space, Equally intlio cinder that falls out of the 
fire, and in tho vast iniusses of molten lava ejected by a vol- 
cano, we see that the molecular agitation known to us as 
heat disperses itself by radiation ; so that, however great its 
amount, it inevitably sinks at last to the same degree as 
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that existing in surrounding bodies. And if the actions 
observed be electrical or chemical, we still find that they 
work themselves out in producing sensible or insensible 
movements, that are dissipated as betore, until quiescence 
is eventually reached, filhe proximate rationale of the 
process exhibited under these several forms lies in the fact 
dwelt on when treating of the Multiplication of Effects, 
that motions are ever being decomposed into divergent 
motions, and these into redivergent motions, fi'he rolling 
stone sends off the stones it hits in directions ditfering more 
or less from its own; and tliey do the like witli tlie things 
they hit. Move water or air, and the movement is quickly 
resolved into radiating movements. The heat produced 
by pressure in a given direction, difiuses itsell by undula- 
tions in all directions ; and so do the light and electricity 
similarly generated. That is to say, those motions undc^r- 
go division and subdivision; and by continuance of this 
process without limit, they are, though never lost, gradually 
reduced to insensible motions. 

In all cases, then, there is a progress toward equilibration. 
That universal coexistence of antagonist forces winch, as 
we before saw, necessitates the universality of riiythm, and 
which, as we before saw, necessitates the de(iom position of 
every force into divergent forces, at the same time neces- 
sitates the ultimate establishment of a balance. Every 
motion being motion under resistance is continually suffer- 
ing deductions; and these unceasing deductions finally re- 
sult in the cessation of the motion. 

The general truth thus illustrated under its simplest 
aspect we must now look at under those mori* complex 
aspects it usually presents throughout Nature. In nearly 
all eases, the motion of an aggregate is compound ; and the 
equilibration of each of its components, being carried on 
independently, does not affect the rest. The ship’s hell 
that has ceased to vibrate still continues those vertical and 
lateral oscillations caused by the ocean-swell. 'I’he water of 
the smooth stream, on whose surface have dical away the un- 
dulations caused by the rising fish, moves as fast as before 
onward to the sea. The arrested bullet travels with undi- 
minished speed round tbo Earth’s axis. AjkI wero the 
rotation of the Earth destroyed, there would not bo implied 
any diminution of the Earth’s movement with respect to tlio 
Sun and other external bodies. Bo that in every case, what 
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we regard asequilibriition ib a disappearance of some one or 
more of the many movenumts wliioh a body possesses, while 
ifcs other iiiovcmijiits (iontinue as before* That tins process 
may l.)e duly rea-lized and the state of things toward wliieh 
it tends fully understood, it will be well Iiere to cite a ease 
in wliioli we may watch this successive eciuilibratioii of 
combined inovenients more complctcdy than wo can do in 
those above instanced. Our end will best be served, not by 
the most imposing, but by the most familiar example. 
Lot ns take that of the spinning top. When tlic string 
which lias been wra])|)(al round a top’s axis is violently 
drawn oil, and the top falls on to the table, it usually happens 
that, liesiiles the rapid rotation, two other movements are 
given to it. A sligiit liorizontal momentum, unavoidably 
impressed on it when leaving the handle, carries it away 
bodily from the {ihuie on wliich it drops; and in conse- 
quence of its axis being more or less inclined, it falls 
into a certain, oscillation, described by the expressive 
though irieU^gant word “ walililing.” Tlieso two Bubordi- 
nate motions, variable in their proportions to each other 
and to tlie cJiief motion, are c-ommonly soon lirougbt to a 
closer by sejiarato |>roc, esses of equililiration. The momen- 
tum which c^arries the top liodily along the table, resirtod 
somewhat by the air, but mainly by the irregularities of 
tlie surface, sliortly disappears; and the top thereafter 
continues to spin on one siiot Meanwhile, in consequence 
of tliat opposition which tlie axial rnornen turn of a rotating 
body makes to any evhange in the plane of rotation (so beauti- 
fully exhibited by the gyroseope), the “ wabbling’' dimin- 
islies, iuul like the oilier is quickly ended. These minor 
motions having been dissipated, the rotatol’y motion, in- 
terfered with only l)y atmosplieric resistance and the 
friction of the pivot, continues some time with such uni- 
formity that thirto|) appears stationary: there being thus 
temporarily establislie<r a condition which the French 
niathematiciians have termed efjmlibriuvi mobihk It is true 
tliat, wlien the axial velocity sinks below a certain point, 
new motions corn ineiice, and increase till the 'top falls.;, 
but these are merely .incidental to a case in which the 
centre <,)f gravity is above the point of support. Wore the 
top, luiving'an axis of steel, to be 'suspended from a sur- 
face acieqiiately 7n.agnetized.,-all the .phenomena described 
would be displayed, and the moving equilibrium, having 
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been once arrived at, would continue until the top became 
motionless, without any further change of position. Now 
the facts which it behooves us here to observe are these. 
Mrst, that tlie various motions wliich an aggregate pos- 
sesses are separately equilibrated: those which are sraaliest, 
or which meet with tlic greatest resistance, or both, dis- 
appearing first, and leaving at last that whicli is greatest, 
or meets witli least resistance, or botli. Setuind, tJuat when 
the aggregate lias a movement of its parts with rcs[)e<di to 
each other, which encounters but little external rc^sistaiuie, 
there is apt to be established an eqtiUihrkm mobile. 
Third, that this moving equilibrium oveiitually lapses 
into complete equilibrium. 

Fully to comprehend the process of equilibration is not 
easy, since we have simultaneously to con torn plate various 
phases of it. The best course will be to glance separately 
at what we may conveniently regard as its four diirerent 
orders. The first order includes the comparatively simple 
motions, as those of projectiles, which arc not jrrolonged 
enough to exhibit their rhythmical character; l)ut which, 
being quickly divided and sulrdivided ini.o motions com- 
municated to other portions of matter, are presently tlis- 
eipated in the rhythm of ethereal iindiilations. In the 
second orders comprehending the various kinds of vibra- 
tion or oscillation as usually witnessed, the motion is used 
up in generating a. tension wliich, having become equal to 
itor momentarily equilibrated with it, thereupon iiroduces 
a motion in the opposite direction, tliat is Biibseqtumtly 
equilibrated in like manner: thus causing a visible 
rhythm that is, however, soon lost in invisible rliytluns. 
The third order of equilibration, not Iiitherto noticjed, ob- 
tains in those aggregates whicdi continuaily rcaxnve as 
much motion as thejr expend. Tlie steam engine (and 
,;especially'that kind which' feeds its own furnace iind boiler) 
'snppliesVan./example. . ’Here tlie forcjo from moinent to 
moment dissipated' in overcoming tlie resistance of tlie 
machinery, driven is from moment' to mo'uu'int replaceil 
from the fuel; and the balance- of the two is 'maintained 
by' a raising or loweri'ng of 'the expenditure according to 
tiie variation of tlie supply:- eacli increases or dettrease in tlie 
quantity of steam resnlting in ii, rise -or .fall -of - the en- 
gine’s movement, such as, brings, it to .a' b,alanee W'i'th the 
increased or decreased resistance* ■ This, wliich we , may Jtly, 
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call the (Upmdent moviiip; eqiuliljriiim, should be specially 
noted ; since it is one that wcj siiall commonly meet with 
throughout various phases of Evolution. The equilibration 
to bo distingnisluid as of the fourth order is the independent 
or perfect moving equilibrium, ddiis we see illustrated in 
the rhytlimical motions of the Holar System; which, being 
resisted only by a medium of inappreciable density, un- 
dergo no scnai bio diminution in such periods of time as 
we can mcasinH>.. 

All these kinds of equilibration may, however, from the 
higlicst point of view, be regarded as different inodes of 
one kind. B’or in every case the balance arrived at is 
relative, and not aliHolutc — is a, cessation of the motion of 
some particuliir body in relation to a eortaiu point or 
points, involving neither the disappearance of the relative 
motion lost, which is simply transformed into other mo- 
tions, nor a diminution of the body’s motions with respect 
to other points. d'huH understanding equilibration, it 
manifestly includes that equMibrinm mobile^ which at first 
siglit seetiis of anotluir nature. For any system of bodies 
exhibiting, like those of the Holar System, a combination 
of balanced riiy thins, has this peculiarity: that though 
the constituents of the system liavo relative movements, 
the system as a whole has no movement. The centre of 
gravity of the entire group remains fixed. Whatever 
quantity of motion any member of it has in any direction 
is from moment to moment counterbalancod by an equiva- 
lont motion in sonio other part of the group in an opposite 
direction ; and so the aggregate matter of the group is in 
a state of rest. W'hcnco it follows that the arrival at a 
state of moving equilibrium is the disappearance of some 
raovoraont which the aggregate had in relation to external 
things, and a contiiiuanco of those movements only which 
the different parts of the aggregate have in relation to each 
other. Thus geiicrali:«ing the proecss, it becomes elear that 
all forms of equilibration are intrinsically the same; since, 
in every aggregate, it is the oentre of gravity only that 
loses its motiou: the constituents always retaining some 
motion with respect to each other— the motion of mole- 
cules if none else. Every equilibrium commonly regarded 
as absolute is in one sense a moving equilibrium; because 
along ydth a niotionless state of the whole there is alwajfs 
some relative movement of its insensible parts. And, 
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conversely, every moving eqnilibrinm may be in one sense 
regarded as absolute; because the relative movements of 
its sensible parts are aceotnpanied by a motionless state of 
the whole. 

Something has still to bo added before closing tliese some- 
what too elaborate preliminaries. The reader must now 
especially note two leading truth.s brought out by the fore- 
going exposition: the one concerning the ultimate, or 
rather the penultimate, state of motion wliicli the pro- 
cesses described tend to bring about; the other concern- 
ing the concomitant distribution of matter. "I’liis penul- 
timate state of motion is the moving efjuiinn-iuin, which, as 
we haveseen.tends to arisein anniggregateimvingcouipound 
motions, as a transitional state on the way toward com{)leti! 
equilibrium. Throughout Evolution of all kinds, there is 
a continual approximation to, and more or le.ss <a>nipl(.t,o 
maintenance of, this moving ef|nilibriuni. As in the 
Solar Hystem there has been ''establislicd an imiependent 
moving eqnilibrium~an equilibrium such, tliat the robitive 
motion.s of the constituent parts are continmillv so counter- 
balanced by oppositi! motions, that tlie mean 'siul.c of the 
whole aggregate never varies— so is it, i.lioiigh in a le,is dis-' 
tinct manner, with each form of dejiciident moving equi- 
librium. Thostato of things exhibited in the eyeles of 
terrestrial changes, in the balamed functions of’orgunie 
bodies that have reached their adult forms, and in the 
acting and reacting processo.^ of fully developed so(,-ieties, 
is siiniiarly ouo characterized hv eompimsatiug iiseillatious. 
The involved combination of rhythms seen in each of tlie.se 
cases has an avorago condition which rmtmhm practically 
constant during tlio deviationsever tiiking [ilaeo on o{)i)osi(,e 
sides of it. And the fact which wo have liero particularly 
to observe is that, as a corollary from the general law of 
’equilibration above set forth, the evolution of every iin'- 
pogatemust go on until tlii.s equilihrium moUk m estab- 
lished; since, as we have seen, an excess of force which 
the aggregate_ possesses in any direction must eventually 
DO expended in overcoming resistances to ehango in tiia't 
direction, leaving behind only those movements which 
compensate each other, and so form a moving equilibrium. 
Ihspectiiig the structural state Himultaiieously reached, it 
must obvioi'inlj be one presenting an amiugeirient of f(,)rees 
.that .counterbalance all the torces to winch .the, 
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is subject. So long as there remains a residual force in 
any direction, be it excess of a force exercised by the ag- 
gregate on its environment, or of a force exercised by its 
environment on the aggregate, equilibrium does not exist; 
and therefore the redistribution of matter must continue. 
‘Whence it follows that the limit of lieterogeneitj^ toward 
will oil every aggregate progresses is the formation of as 
many specializations and combinations of parts as there 
are specialized and combined forces to be met. 

§ 171, Tlioso successively changed forms which, if the 
nebular liypothesis be granted, must have arisen during 
the evolution of the Solar System, were so many transitional 
kinds of moving equilibrium, severally giving place to 
more permanent kinds on the way toward complete equili- 
bration. Tims tlie assumption of an oblate spheroidical 
figure by c-ondensing nebulous matter was the assumption 
of a teuiporury and partial moving equilibrium among the 
component parts— a moving oquilibtiiim that must have 
slowly grown more settled, as local conflicting movements 
were' <lissii)atc(L In tlio formation and detachment of 
tlie nel)nlous rings, wliicdi, according to this hypothesis, 
from time to time took place, we have instances of pro- 
gressive CM|iiilibration ending in the establisliment of a 
complete moving e<|uilil)rium. For the genesis of each 
such ring imiilies a ])cr;l‘e(tt balancing of that aggregative 
for(;c wlu(‘h the wliolo B])heroid exercises on its equatorial 
portion, by that centrifugal force which the equatorial 
portion hm a(iqnired during previous concentration : so 
long as tlujso two forties are not equal, the equatorial per- 
tioii follows the contracting mass, but as soon as the second 
force lias incjreased up to an equality with the first, the 
equatorial })ortion can follow no further, and remains he- 
hind. While, however, the resulting ring, regarded as a 
whole conncKited by forces wltli external wholes, has reached 
a state of moving equilibrium, its parts are not balanced 
with respect to each other. As we before saw (§ 150) the 
.probabilities against the maintenance of an annular form 
by nebulous matter are immense: from the instability of 
the homogeneous, it is inferable that nebulous matter so 
distributed must break up into portions; and eventually 
concentrate into a single' mass.' - That is to say, the ring 
'must .progre.ss toward a mov.ing (iquilibrium of a more com-' 
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plete kind, diiring tlie dissipation of tlnat motion wliicli 
maintained its particles in a diiruBed form: leaving at 
lengtli a planetary body, attended perlmps by a group of 
minor bodies, severally Iniving residuary relative inotions 
that are no longer resistc^d by sensible media; and there is 
tliiis constituted an mobile tliat is all but ab- 

solutely perfect,*^ 

Hypothesis aside, the principle of equilibration is still 
pGrpetiially illustrated in tliose minor cluinges of state 
which the Solar System is undergoing. Each, planet, sat- 
ellite, and comet exhibits to us at its aphelion a momen- 
tary equilibrium between that foi'ce which urges it further 
away from its primary, and tliat force which retards its 
retreat; since tlie retreat goes on until tlu^. last of these 
forces exactly counterpois(.is the lirst. In like manner at 
perihelion a converse equililirium is niorneritarily estal)- 
lislied. The varia,tion of eaeli orl>it in size, in ecciuitricily, 
and in tlie position of its plane, has similarly a limit at 
whicli the forces producing elumgo in one (lireid ion are 
equalled by tliosc antagonizing it; and an opposite limit at 
which an opposito arn^st takes place, iVIeaJiwhilc, (moh of 
these sim|)Ie pertiirbatioiis, as well as oacdi of the (Jimiplex 
ones resulting from tlicir combination, exhibits, hesidos 
the temporary equilibration at eacli of its exla’cuneH, a cer- 
tain general equilibration of compensating clcviationB on 
eitlier side of a moan state. That tlie moving et|uilil)riiim 
thus eonstitutad tends, in the eonrsc of indeilnitiJ time, to 
lapse into a comiilete equilibrium, by ibe gradual diJcreiiBe 
of planetary inotions and eventual integration of all tim 
.separate masses composing tlie 'Solar Hystt'mi, is a lielief 
suggested by certa'in observed aKiinetary* rciiiri'Ia'tiiiiia, and 
entertained by somo of high, auilmrity. The rtauaved 
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opinion that the appreciable diminution in the period of 
}i]ncke'’s comet implies a loss of momentum causech by re- 
sistance of the ethereal medium commits astronomers who 
hold it to the conclusion that this same resistance must 
cause a loss of planetary motions — a loss wliich, infini- 
tesimal thongli it may be in such periods as we can measure, 
will, if indefinitely coiitinned, bring these motions to a close, 
lilven should tberc bo, as Sir John Ilerschel suggests, a ro- 
tation of tlie ethereal medium in the same direction with the 
planets, this arrest, though immensely postponed, would 
not be absolutely prevented. 8tich an eventuality, how- 
ever, must in any case he so inconceivably remote as to 
liavcMio other than a s])0culative interest for ns. It is re- 
ferred to Imre, simply as illustrating the still-continued 
tendency iioward complete equilibrium, through, the still- 
continued dissiparion of sensible -motion, or transforma- 
tion of it into insensible motion. 

Biit tlierc is another species of equilibration going on in 
the Solar Hystem with’ wbich we arc more nearly con- 
cerned-— tlu^ equilibration of that molecular motion known 
as heat, '’ihio tac/it assmuption hitherto current, that the 
Sun can continue to give off an untliminished amount of 
liglit and heat tlirough all future time, is fast being aban- 
doned. Involving as it does, under a disguise, the con- 
ception of power produced out of nothijig, it is of the 
game order as the l)elief that misleads perpetual-motion 
schemers. The spreadijig recognition of the truth that 
force is persistent, and tliat consequently wliatever force 
is manifested under one shape must previously liave existed 
Under another shape, is carrying with it a recognition of 
the trutli tlmt the force known to us in solar radiations 
is the (dianged form of some r^tlier force of whicli the Sun 
is tlie seat; and tliat by the gradual dissipation of these 
Tadiations into space tins other force is being slowly ex- 
haustod. ■Idle aggregative force by which the Sun’s siib- 
stanee is drawn to his centre of gravity is the only one 
.which estalilislicd pliysical laws warrant us in suspecting 
to be the correlate of the forc(?s thus enianating from him : 
the only Boiirce of a known kind that can be assigned for 
tlie insenBible motions constituting solar light and heat 
is the sensible motion which disappears during the progress- 
ing concentration :of, the Sun’s substance.' We 'therefore 
saw'.'it' to;' be a corollary ;from , the nebular hypothesis that 


FimV PEINCIPLES, 


41(J, 


there is such a progressing concejitration of the Sun’s sub- 
stance. And liere rcnniins to he added tlic further corol- 
lary, that, just as in the case of the smaller members of tlie 
Solar System, tlio heat generated by coiicetitration, long 
ago in great ])art radiated into space, has left only a cem 
ti'al residue rhat now escapes but slowly; so in the case of 
that immensely larger mass foimiing tlie Hun, the iinmensoly 
greater quantity of heat generated and still in process of 
rapid dilfusion must, as the concentration approiiches its 
limit, diininisli in amount, and eventually leave only an 
inapprecuablo internal remnant. Wiili or witliout tlie ao 
eompaiiiment of that hypothesis of neliular condenHution, 
whence, as we see, it naturally follows, tlie doctrine tliat 
the Sun is gradually losing his heat has now gaim‘d con- 
siderable currency; and calculations liavc iHum made, lioth 
respecting the amount of beat and light already radiated, 
as compared with the amount timt remains, and rcB|)ectiiig 
the period during wliicli aijtive radiation is likijly to con- 
tinue. Ih'of. llelmliolt;^ estimates that tlie time 

when, according to the nebular hypolJiesis, tluj matter 
composing the Holar System extended to iln* orliit, oC Ncj)- 
tuiie, there has lieen evolved, by the arrest (»f stiiisiliie 
motion, an amount of Iieat 454 i;imcs as great, as that wliich 
the Sun still lias to give out. He also makes an approx- 
imate estimate of the. rate at wliicli this rmnatning ^fith 
is being diffused: showing that a diminution of the Sun’s 
diameter to the extent of would |)rodu(a>hcut, at 

the present rate, for more than ^JOOO y(‘ars; in otlier 
words, that a contrarjtion of o, iim.u a? diameter 

suffleoB to gonerato the amountrof light and luait annually 
emitted; and that thus, -at the present rate of expenditure, 
the Sun’s diameter will dirnhiish by siimetliiiig like in 
the lapse of.the next million years.^ Of course thcBc eon» 
.elusions are not. to be considered us more than rndiuip- 
.n.roxi.mati'ons to tlie tru tin Until quite .recently, .we lutve 
been totally igno.rant of the .Sun’s 'cliemifuil oompamiUm; 
and even now have -.obtained but a .supc.u.'*lii:rial kn(....nv]edge 
of.it. We know nothi'ngof bis internal structure; and 
it is quite tw>ssible (probable, I believe) tliat tlie iissump- 
ti.o.nB respecting can'tral density, nuule in. tlie foregoing es- 


, paper “On the of Natural Foroew.”' by Prof. nfflmlioltK, 

tranHlateU hy Prof. Tyndall, and I'mhUahtxl .In Urn Phiimj^phieul 
supplement to Vol XI., fourth tterta 
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timates, are wrong. But no uncertainty in tlie data on 
wliich theBO calcuhitions proceed, and no consequent error 
in the inferred rate at winch the Sun is expending his re- 
serve of force, militates against tlie general proposition 
that this reserve of force is being expended, and must in 
time be exhausted. Though the residue of imdiffused 
motion in tlie Sun may be much greater than is above 
concluded; though tlie rate of radiation cannot, as as- 
sumed, continue at a uniform rate, but must eventually go 
on wiili slowly decreasing rapidity; and tliough the period 
at wliicli tlie Sun will cease to alford us adequate light and 
heat is very possibly far more distant than above implied ; 
yet sucli a period must some time bo reached, and this is 
all wliich it liore eoneerus us to observe. 

Tluis wliile the Solar System, if evolved from difused 
matter, lias illuHtrated. the law of equilibration in the es- 
tablishmeiit of a (‘()mplete moving equilibrium; and while, 
as at present constituted, it illustrates the law of equili- 
bration in the balaiKsing of all its movements; it also illus- 
trates tills law in the processes which astronomers and 
physicists infer are still gniing on. Thaf motion of masses 
produced during Evolution, is. being slowly redifused in 
mole(Jular niotion ()1: tlie ethereal medium; both through 
the progressive integration of each mass and the resistance 
to its motion tlirougli space. Infinitely remote as may be 
the state wlien all tlie motions of masses shall be trans- 
forrmuT into molecular niotion, and all the molecular 
motion equilihrated, yet such a state of complete integra- 
tion and complete equilibration is that toward which tlie 
changes now going on throughout the Solar System inevi- 
tably tend. 

§ 172. A spherical figure is the one which can alone 
equilibrate the forces of mutally gravitating atoms. If 
the aggregate of such atoms has a rotatory motion, tlie form 
of equilibrium becomes a spheroid of greater or less oblate- 
ncBs, accjording to the rate of rotation; and it lias been 
ascertained that the Earth is an oblate spheroid, diverging 
just as much fnm^^ is requisite to counter- 

balance the centrifugal force consequent on its velocity 
round its axis. That is to say, during the evolution of the 
Earth, there has been reached a complete equilibrium of 
those forces which affect its general outline. The only 
27 
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other process of equilibration wliich the earth as a whole 
can exhibit is the loss of its axial motion; and that any 
such loss is going on we have no dii’cet evidence. It has 
been contended," however, by Prof. Itelrnlioltz, tlnit inap- 
preciable as may be its oifect within known periods of time, 
the friction of the tidal wave must be slowly diminisliing 
the Earth’s rotatory motion, and must eventually destroy 
it. Now though it seems an oversiglrt to say that tiie 
Earth’s rotation can tlius be destroyed, shiee tlie extreme 
effect, to be readied only in infinite time by siieh a process, 
would be an extension of the lilarth’s day to the length of 
a lunation, yet it seems clear that this friction of the tidal 
wave is a real cause of decreasing rotation. Slow as its 
action is, wc must recognize it as exenrplifyiiig, under an- 
other form, the universal progress toward eqtiilihriiim. 

It is needless to point out, in detail, liow tliose move- 
ments which the Sun’s rays generate in the air and water 
on the Earth’s surface, and through them in the Earth’s 
solid subs tan one and all teaeli tlu‘, saim^ genei*al trutlL 
Evidently the winds and waves and streams, as well us tlio 
denudations and de])ositions tliey elTeet, p(*rp<‘tually illus- 
trate on a grand scale, and in endless mo<l(‘s, that gradual 
disKsipation of motions described in the first setttion; and 
the consequent tendency towaird a l)a]Mm;(al distrihiition 
of forces. Each of tliese sensible motions, produeed di- 
rectly or indirectly l>y integration of those insensible mO' 
■tions (lomninnicated from the Hun, iKaannes, as V'O Imve 
seen, divided and Bulidivided into motions hfsa and less 
sensible; until it is finally rcHlina^ to insensibie im»tionB, 
and radiated from the Earth in tlie shape of thermal un- 
dulations. In tlicir totality, these (*omp)ivx niovejmjntH of 
aerial, liquid, and solid matter on tlie Earth’s crust <*on- 
stitute a dependent moving 0 (|ui!il)rinm. As wo before 
saw, there is traceable throughou t them an invoh’etl com- 
' bination of .rhytlims. ' d''ho.' unceasing circulation O'f water; 
from the ocean to ilio land, and from tlie land back to the 
■ocean, is a type, of these; vwious actions, 

which, in the midst of all tluv iriaigulari ties jirodneed by 

Until I reenntlF con«nlt(Kl Wh *‘OiitUn(*« of Attl..ron<miy’'* on annOw^r rnif'S^tion. 
I wa.snot awam that* ho far hark iSSfj Bir .lolin lia4 <nniri<*ral:nd tho' 

doatrine tliat M;ho buiCh raya ara tho ultimata Honrco' of al inoHt ' in'ory motion 
which taken place on the Kurffwo 'of tho earth.''’ Ho' cxprcwly .all 

gftoJoj^ic, .ineteorologie, and vital actionB; a« also .thow whieh wti pral'tioa 
.by Urn c!om bastion of coal. Tlia late Ocorge Btophenttun,' appear* to have been 
wrongly credited with this last' Idea. ' ■ ■ 
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tlieir mutual iuterfercnces, maintain an average. And in 
this, as in other equilibrations of the third order, we see 
tliat the power from moment to moment in course of dissi- 
pation is from niornei]it,to moment renewed from without: 
tlie rises and falls in tlie supply being balanced by rises 
and Mis in the expenditure; as witness the correspondence 
between the magnetic variations and the cycle of the solar 
spots. But the fa(3t it chiefly concerns us to observe is, 
that this process must go on bringing things ever nearer to 
complete rest. These mechanical movements, meteorologic 
and geologic, wliieh arc continually being equilibrated, 
both tcniporarily l:)y countGr-movemonts and permanently 
by the dissipation of such movements and coiinter-move- 
inents, will slowdy diminisli as tlie (piantity of force re- 
ceived from tlie Sun diminishes. As the insensible motions 
propagated to us from the centre of our system become 
foebler, the sensible motions here produced by them must 
decrease ; and at that remote period When the solar heat 
has ceased to bo appreciable, tliere will no longer be any 
appreciable redistributions of matter on the surface of our 
planet. 

Tims, from tlic highest point of view, all terrestrial 
changes arc incideutH in tlie course of cosmical equilibra- 
tion. It was before pointed out (§ CD) that of the incessant 
alterations which tlio Earth’s crust and atmosphere under- 
go, those whicih are not due to the still-|)rogressing motion 
of the Earth’s substance toward its centre of gravity are 
due to the still-progressing motion of the Bun’s siibstanGO 
toward its centre of gravity. Here it is to be remarked 
that this coiitiiuiance of integration in the Earth and in 
the Snn is a continuance of that transformation of sensible 
motion into insensible motion which we have seen ends in 
equilibration; and tlmt the arrival in each case at the ex- 
treme of integration is the arrival at a state in which no 
inoreBenBilile rnotion romains to be transformed into insen- 
sible inotion — -a state in winch the forces producing inte- 
gration and the forces integration have become 

.equal.' 

§ 173. Every living body exhibits, in a fourfold form, 
the process we arc tracing out — exhibits it from moment 
to moment in the balancing of mechanical forces; from 
hour to hour in the balanoing of functions; from year to 
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■year in the' clmngos of. state that eompensate changes, of 
condition; and finally in the coniipletij arrest of vital move- 
ments at death. Let ns consider tlie fjicts under these lieads. 

The sensible motion constituting ea(*h visible action of 
an organism is soon brought to a close l>y S()rnc adverse 
force within or without tlic organism. Wlien. the arm is 
-raised, the motion given to it is antagonized jairtly by 
gravity and partly by tlie internal resistan(.‘es ('onsecjuent 
on structure; and its motion, thus suffering <v,)ntinual de- 
duction, ends when the arm has reached a |>osition at 
which the forces are equilibrated, dlic limits of each 
systole and diastole of tlie heart severally slrow m a niorneiit- 
ary equilibiduin between muHciilar strains tliat produee 
opposite movements; and cadi gush of Idood riMpiires to he 
immediately followed by another, hcea-uso the rapid dissi- 
pation of its momentum woidd otlu‘rwise soon bring the 
mass of circulating fluid to a stand, .As rninL in the ac- 
tions and reactions going on among the ird (^rmil organs, as in 
tlie mechanical bahundng of the wliohi liody, i!H‘re is at every 
insiiant a [irogrossivc equilibration of i lu*. nHitions at every 
i nstant produced. V iewed in tlun’r aggrtgaf f*, a nd as ffinn- 
ing a series, the organic functions (‘onstitute a dependent 
moving equilibrium— a moving equilihrimu, of wliicli the 
motive power is ever being dissipa,itu! through tlie special 
e(|uilibratioius just exemplified, and is ever be i rig renewed 
by tlic taking in of additional motives power. Food is a 
store of force whicih coniiniutlly adtls to the momentum of 
tlie vital a,ctio;r.iH, a.s much as is contimmlly rledanded from 
them liy tbe forcf‘S overt'orum Ai! the functional move- 
mcTvfcs tltus rnainiuiricil are, as we liave st*en, rhythmical 
(§ 85) ; by tlmir tiniou compound rhy thins of various Imigths 
and;, complexities arc prodinaal; and in thr*so simple a^nd' 
compound rliythniB the process of e<'juilib:ra::ti(,in, liesidcB 
' being ^exemplified -at ■cai'h e.xtrcme of ovory rhyiliru, is hocii 
in tlie habitual iirescrvation of a (a'),iistin,rtorr}(*an, and; in the 
re-establiBliment of that mean whtrn aeei'ih.mial eaust*s liavo 
|)ro<:luced, divergence from it. When, for instamw, tliere 
is a great e^xpenditureof motion throiig'li rraiscfiilii'r activity, 
ther<3 arises a reactive deraancl o,n tiiose stones of latent 
motion wliicdi arc.laid 'up, in the form of ciaisiimabla matter 
tliroiigbont the tissues: ■ increasttd' r<»spiration am'l increased 
rapidity of circulation are instniincniEl to an extra genesis 
offeree that counterbalancoB the exlra:'di»i|iatioiiof foroa. 
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This tmnsual transformation of molecular motion into sen- 
sible motion is presently followed by an iinnsnal absorption 
of food — the source of molecular motion; and in proportion 
as there has been a prolonged draft upon the spare capital 
of the system is there a tendency to a prolonged rest, dur- 
ing which that spare capital is replaced. If the deviation 
from the ordinary course of the functions has been so great 
as to derange them, as when violent exertion produces loss 
of appetite and loss of sleep, an equilibration is still event- 
ually ellectecL Providing the disturbance is not such as 
to overturn the balance of the functions and destroy life 
(in which case a complete equilibration is suddenly ef- 
fected), the ordinary balance is by-and-by re-established: 
the returning appetite is keen in proportion as the waste 
has been largo; while sleep, sound and prolonged, makes 
np for previous wakefulness. Not even in those extreme 
cases where some excess lias wrought a derangement that 
is never wliolly rectified is there an exception to tlie gen- 
eral law; for in such cases the cycle of the functions is, after 
a time, equilibriited about a new mean state, which thence- 
fortli becomes the normal state of the individual. Thus, 
among tlie involved rliytlunical changes constituting or- 
ganic life, any disturbing force that works an excess of 
change in some direction is gradually diminislied and 
finally neutralized by antagonistic forces, which ihereupon 
work a compensating change in the opposite direction, and 
so, after more or less of oscillation, restore the medium 
condition. And this process it is which constitutes what 
physicians call the vin medicatrix nahmn. The third form 
of equilibration displayed by organic bodies is a necessary 
sequence of that just illustrated. When tlirougli a change 
of habit or circumstance an organism is permanently subject 
to some new influence, or a dilferent amount of an old in- 
fluence, there arises, after more or less disturbance of the 
organic rhythms, a balancing of them around the iiew 
averago condition produced by this additional ihiluenee. 
As temporary divcrgeuces of the oi’ganic rhythms are 
eounteraeted by temporary divergences of a reverse kind, 
so there is an equilibration of their permanent divergences 
by the genesis of opposing divergences that are equally 
permanent. If the quantity of motion to be habitually 
generated by a muscle becomes greater than before, its 
nutrition becomes greater than before. If the expenditure 
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of themTiscle bears to its nutrition a greater ratio than 
expenditure bears to nutrition in otlier parts of the sjstern, 
the excess of nutrition becomes sin;!), that tlie muscle grows. 
And the ce.ssation of its growth is the establishment of a 
balance between the daily waste and the daily repair — the 
daily expenditure of force, and the amount of latent force 
daily added. The like must mauifestly be the ease with 
all organic modification-s consequent on cliange of climate 
or food. This is a conclusion wliich wo may safely draw 
without knowing the special rearrangements that effoet 
the equilibration. If wo see tiuit a diifermit mode of life 
is followed, after a period of funetioiial derangement, by 
some altered condition of the system — if we see that this 
altered condition, becoming by-and-by establislied, con- 
tinues without further (duingc, we luam’no alternative Init 
to say tliat the ntnv forces hrouglit to hear on the. system 
have been compensated by the opposing forces they liave 
evoked. And this is the interpretation of the proficss 
wliioli wo <;all adaptMtion. Mmilly, each <irganism illus- 
trates tlie law in the mmtdih‘ of its lif(‘. At t.liii outset it 
daily absorbs under the form of food iui ainoiiul. of force 
greater than it daily expends; and tho surplu.s is daily 
equilibratecl by gia^wdh. As maturity i.s aj>t)rou(;hcd, this 
surplus dimiiiishos; and in tiio p(‘rfect organisni, tho day’s 
absorption of potential motion Ijuianees tlie day’s expendi- 
ture of actual motion. That is to .say, during udnlt life, 
there is continuously exhibited an ’equililjratiun of the 
third order. Eventually, tlie daily lo.ss heginutng to out- 
balance the daily gain, tliero re.su Its a diminislihig amount 
of functional iKition; tho organic rhythms ii.xteud le.ss and 
less widely on each side of tlie medium state; and, tliero 
finally results that complete cqiiilihratiou which wo <adl 
death. 

The ultimate structural state aei'nmpuiiyiug that ulti- 
mate functional state toward which an organism tends, 
both individually and as a species, may ho deduct'd from 
one of tho prapoBition.s sot down in the' opening section of 
this chapter. We saw that the limit of hctcrogemtity is 
arrived at whenever tho equilibration of any iiggregate he- 
eomes complete^ — that the redistrihutiou of matter eau 
continue so long only as tliere continues any motion unbal- 
anced, Whence wo found it to follow that the final stnie,- 
tural arrangements must bo such as will moot all the forces 
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acti on the aggregate, by equivalent antagonist forces. 
What is the implication in the case of organic aggregates, 
the equiribriuiTi of whicli is a moving one? AVe have seen 
that the maintenance of such a moving equilibrium re- 
quires tlie habitual genesis of internal forces corresponding 
in number, directions, and amounts to the external inci- 
dent forces— as many inner functions, single or combined, 
as there are single or combined outer actions to be met. 
But functions are tl:K3 correlatives of organs; amounts of 
functions are, other things equal, tlie correlatives of sizes 
of organs; and combinations of functions the correlatives 
of connections of orgaiim. Hence tlie structural complexity 
accompanying firnctional equilibration is deflnahlo as one 
in wliich tliere are as many specialized parts as are capable, 
separately and jointly, of counteracting the separate and 
joint forces amid %yhich the organism exists. And this is 
the limit of organic heterogeneity, to which man has ap- 
proaclied more nearly tlian any otlier creature. 

Groups of organisms display tliis nnivcrvsal tendency to- 
ward a balance very oliviously. In § 85, every species of 
plant and animal was sliown to bo perpetually undergoing 
a rliytlroiical variahiori in number — now from abundance 
of food arid absence of enemies rising above its average; 
and then by a conHequont sca-rcity of food and abundance 
of cmemies being depreBsed below its average. And liere 
we liavo to obscjrvci that there is thus maintained an equili- 
hrium lietween tlm sum of tliose forces which result in the 
Increase of each race, and the sum of those forces which 
result in its decrcjase. Either limit of variation is a point 
at wh if ill tlie one sc,t of forces, before in excess of the other, 
is coinitt?rhaIii:i:i(:C(l liy it. And amid these oscillations pro- 
duced by their confilct lies that average number of the 
species at wliich its expansive tendenoy is in equilibrium 
with surrounding repressive tendencies. Nor can it ho 
questioned tliat tliis balaruiing of the preservative and de- 
Btructivo forces winch wo see going on in every race must 
necessarily go on, since increase cf number cannot but 
continuo until increase of mortality stops it, and decrease 
of number cannot but continue until it is cither arrested by 
fertility or extinguishes the race entirely.' 

§ 174. €lie equilibrations of those nervous actions which 
constitute what we know as mental life may be classified 
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in like manner with those which constitute what we dis- 
tinguish as bodily life. We may deal with tliem in the 
same order. 

Each ptilsn of nervous force from moment to moment 
generated (and it was shown in § 8(! that nervous currents 
arc not continuous but rhytlunical) is met by counteract- 
ing forces, in overcoming which it is dispersed and equili- 
brated. When tracing out the eorrc-lation and equivalence 
of forces, wo saw that each sensation and emotion, or ratlier 
suoh part of it as remains after the exeitation of associated 
ideas and foeliugs, is expended in working bodily rdumfes 
— contractions of the involnutary mnscles, tho voluntary 
muscles, or both; as also in a certain stJimilaljon of secret- 
ing organs. - That tho movenients t.ims initiated are ever 
being brought to a close by iJio opposing forces (ht'y evoke 
was pointed out iibove; and. hero it is to b(^ observ'csl that 
tho like holds with tiie nervous elianges thms initiated. 
Various facts prove tliat t,Iie uroiming of a thought or feel- 
ing always involves the ovivreoming of a certain iH^sistanco: 
instance the fa(,!t tluit wlnu’o tlie association of mental states 
has not been fiaainenf., a seiisibh,! ellbrtis newled to call up 
the one after tlio otlier; imstanee (he fact tliat cluriiig ner- 
vous prostration there is a conqiarative inalnlitv to tliink ' 
—the ideas will not follow oms anoflicr with the liabitual 
rapidity; instance the (umverse fact l.liut at times of un- 
usual (itiergy, natural or urtilicial, the friction of tiiought 
l)(.tcomesrola(.ively small, and more numerous, more remote, 
or more didieiilt conneetioiis of ideas are forimsL Tliat 
is to say, tiie wav'o of nervous energy eaidt instant gen- 
erated propagates itself throughout bidy and brain, along 
those channels which tho cotuli lions at the instant render 
linos of least resistance; and spreading widely in propor- 
tion to its amount, ends only when it is eiiuilibratod by 
the resistances it every where meets. If wo eontemplate 
mental actions as extending over hours and days we discover 
equilibrations analogous <<> tliose hourly and daily csiah- 
lished among tho bwlily functions. In tlie one ease as in 
the other, tboro are rhythms which oxliilnt u baltmcing of 
opposing forces at each extreme, and the maintenance) of a 
'Certan„i gciiioral ■ This. is BaiJii in the*' iinily iiltoruar 

tiou ()l mental Jictivity and mental .lofceB ex- 

pended dnriijg. the one. being .eonipensatad bj. the.' .forces 
.acquired daring tho othoi% ■ It is also '.seen' in.' tho. recurring 



425 


FmST PMINCIPLES. 

rise and fall of oacli desire: each desire reaching a certain 
intensity is equilibrated either by expenditure of the force 
it embodies, in tlic desired actions, or, less completely, in tlie 
imagiruition of such actions: the process ending in that sa- 
tiet}S or that comparative quiescence, fonniiig'tho opposite 
limit of tlie rliythm. And it is further manifest under a 
twofold form, ()n oiHaisions of inteiis joy or grief: each par- 
oxysm of passion, expressing itself in vehement bodily 
actions, pj*esently readies an extreino wlience the counteract- 
ing forces produce a retiini to a condition of moderate 
oxcitcrnent; and tlie successive paroxysms, finally diminish- 
ing in intensity, end in a mental eqnililirium eithc3r like 
that before existing, or partially dillering from it in its 
niedium state. But tlie s])eeies of mental equilibi-ation to 
be more cspoeially noted is that shown in the establishment 
of a (uirrespondoiico between relations among our states of 
(‘onsciousuess and relations in the external world. Each 
outer eonnediiou (if plieiiomena which we arc capable of 
perceiving generates, through accumulated experiences, an 
inner connectiou ot mental states; and the result toward 
wliich tliis proce.ss teiuls is the formation of a mental connec- 
tion having a relative strength that answers to the relative 
consta.ncy of tlie physical connection represented. In con- 
formity with tlic general law tliat motion pursues the line of 
least resistance, and tliat, other things e(jual, aline once 
taken by motion is made a lino that will be more readily pur- 
suod by future motion ; we have seen that the ease with wlxich 
iicrvouB ini|)rossi()ns follow one another is, other things 
equal, great in prot)ortion to the number of times tliey have 
been repeated togetdier in experience. Hence, corresponding 
to such an invarialile relation as that between the resistance 
of an object and some extension possessed by it, there arises 
an indissoluble connection in consciousness; and this eon- 
nection, being as absolute intcnmally as the answering one 
is extcnnally,' inidergiies no furtlier change — tlio inner re- 
lation is in iierfect e(|uilibrinm with the outer relation* 
Conversely, it hence Imppcns that to siudi uncertain rela- 
tions of plieiiomeiia as that between (douds and rain, there 
arise relations of ideas of alike uncertainty; and If, under 
.given aspects of the sky, the tendencioB to infer fair or 
foul weather oorrcspoTid to the frequencies with which fair 
or foul weather follow sueli aspects, the accumulation of 
experiences has balanced the mental sequences and the phys- 
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ical sequences. When it; is reineinhered fcliat between tliese 
extremes there are countless orders ol* ,ext;t3rnal (:!()ni.iections' 
haying different degrees of constancy, and tlmt during tlie 
evolution of infcelJigencc there arise’ answering internal as- 
sociations liaving diflnrent degrees of cohesion, it will be 
seen that tliere is a progress toward eqniiibrinm between 
tlie relations of thought and the relations of tilings. Tins 
equilibration can end only wlien each relation of things 
lias generated in us a relation of thonglit, such iliat on tlie 
occurrence of the conditions the relation in thouglit arises 
as certainly as the relation in things. Supposing this state 
to bo reached (which, however, it can bo only in infinite 
time), experience will cease to produce any further mental 
evolution — there will luivo been reacluid a iierreet (jorro- 
spondence between ideas and facts; and the intelhuitual 
adaptation of man to his circumstances will lie complete. 
The like general trutim are exhibited in iiie process of moral 
adaptation ; wliich isacontinnal approacli to equililnium 
between the emotions and the kinds of (?oudu(*t ne<*eB- 
sitated by surrounding conditions. The eonneedions of 
feelings and actions arc determined in the same W'ay as tln!i 
connections of ideas: just as rcqieating the association of 
two ideas facilitates the excitement of tlie one by tlie 
other, so does eacli discharge of feeling into action remler 
the subsequent diKSchargo of such feeling into sueli action 
more easy. Hence it happens that if an individual is 
placed permanently in eonditions wliic'li demand more 
action of a special kind tlian has l)efore Ixhoi requisite or 
than is natural to him — if tlio pressure of Urn iiairtfu! feel- 
ings which tlieso conditions entail w'lu^n disrc‘garded 
impels him to perform this action to a greatcjr extc‘nt— if 
by every more frequent or m<ire lengthened perfciriiuinco of 
it' under such. I'lressure the resistance is somewhat dimin- 
islied; then, clearly, there is an udvanee toward a balance 
between the demand for this kind of lU'tion and the supply 
of it. Eitlier in himself, or in liis d(3seeiidar'itH (!(':aiiiniiing 
to live under these conditions, enforeed ri‘petHioii inust 
evcmtnally liring about a state in wlncli this nnalerif direct- 
ing tlie energies, will be no more repugnant ilutn tlie various 
othm* modes^ {rrewiously natural to tlie ,riua^ llenc^c tlm 
lim i t toward wh icli emotional modi fieati on ' |>er,petually 
tends, and to whicb .it must approacb indefinitely, near 
(though it cainabsolufcely reach it 'only in infinite time), is 
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a combination of desires that oorrespond to all the different 
orders of activity which the circumstanoes of life call for — 
desires severally propm’tionato in strength to the neesds 
for those orders of activity, and severally satisfied by these 
orders of activity. In what we distinguish as acquired 
habits, and in tlie moral differences of races and nations 
produced by habits tliiit are maintained through successive 
generations, we have countless illustrations of this progres- 
sive adaptation, which can cease only with , the establish- 
ment of a complete equilibrium between constitution and 
conditions. 

Possibly some will fail to see bow the equilibrations de- 
scribed iii this section can l)c classed witli those preceding 
them, and will bo inclined to say that wluit are liere set 
down as facts are but analogies. JNevertliolcss such equili- 
brations are as truly physical iis the rest. To show this 
fully would require a more detailed analysis than can now 
be entered on. For the present i t must suffice to point out, 
as before (§ 71), that wliat we know subjectively as states 
of consciousness are, objectively, modes of forces that so 
much feeling is the correlate of so much motion; that the 
performance of any bodily action is the transformation of a 
certain amount of feeling into its equivalent amount of 
motion; that this bodily' action is met by forces which it 
is ex]iended in overcoming; and that the necessity for the 
frequent repetition of tliis action implies the frequent re- 
currence of forces to bo so overcome. Hence the existence 
in any individual of an emotional stimulus that is in equili- 
brium with certain cxtormil requirements is literally the 
habitual production of a certain specialized portion of ner- 
vous energy, equivalent in amount to a certain order of 
external resistances that are habitually mot. And thus the 
ultimats otato, forming the limit toward which Evolution 
carries us, is one in which the kinds and quantities of 
mental energy daily generated and transformed into motions 
are equivalent to, or in equilibrium with, the various orders 
and degrees of surrounding forces which antagonize such 
motions. 

§ 175. Each society, taken as a whole, displays the process 
of equilibration in the continuous adjustment of its popu- 
lation to its means of subsistence. A tribe of men living 
on wild animals and fruits is manifestly, like every tribe 
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of inferior creatures, alwnja oscillating about that average 
number wliieh the locality cjiu snjriiort, Tliougli I)j arti- 
ficial production, and by successive iin|)rovementH in arti- 
ficial production, a superior race continually alters tlie limit 
which external conditions put to populiition, yevt th 
ever a checking of population at the temporary limit 
reached. It is true that wlHire the limit is being so rapidly 
changed as among ounselves, there is no acdrual stoppage: 
there is only a rliythmical variation in the rate of increase. 
But in noting the causes of this rliytlniucal variation—in 
watching how, during periods of abuiulaiK'e, tlie proportion 
of marriages increases, and how it decreases during periods 
of scarcity, it will be seen that the expansive iorce pro- 
duces unusual advance whene\er tlu^ repressive force cliinin- 
ishes, and vim vfTm; and thus there is as inxir a balancing 
of the two as the (ihanging (conditions jK*rniit. 

The internal aetions eonstituting social functions ex- 
emplify tlie general prin(n‘]>]e no hm (dearly. and 

demand are continually being adjusted tliroughont ail in- 
dustrial procesaes; and this erniilibrniion is iiit(‘r})reiuld(3 
in the same way as precedi iig oiuxs. 'riui pr(Hluction and 
distribution of a commodity is the expremsion of a certain 
aggregate of forccB causing special kinds and amounts of 
motion. The price of tlria commodity is tlie measure of 
a eertain otlior aggregate of forces expendiM:! liy tim laborer 
who purchases it, in other kinds and amounts rnotiom 
And the variations of price represent a rhythmical balanc- 
ing of these forces. Eveiy rise or fall in tln^rate of in- 
terest, or clumge in the value of a particular security, 
implies a confiict of forces in wliicdi Bonny b(n*oming tem- 
porarily predominant, cause a moveunent that is {ircsimtly 
.arrested or e(iuilibrated.by.tho increase of opposing forces;,' 
:and amid .these. daily ami' liourly oscillations lies a 'more 
slowly varying medium into whi’eh the value even* tends to 
: settle, and. . would 'Settle but for the constant tMldition of " 
new influences.. As in the individual orga'nisf,n bo in' tlie 
social orga'ni.s'm, functional equilihrations .genurrate struc- 
tural oquilibralionB. Wlien on tlui work'crs in any tnida 
thorn comes an increased demand, and when in return .[or 
the increased^ ««,pply is given to 'th.em an'.arnounfc .of 
other commodities larger than was lK?.fore lial'iituaf^wlic'n, 
consequen tly, tlie, resistanecB overcome by, .them in sustiiin- 
ing life arc ; less thaxi. the resistances overcome by other. 
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workers, there results a flow of other workers into tins 
trade. This flow continues until the extra demand is met, 
and the wages so far fall again that the total resistance 
overcome in obtaining a given amount of produce is as 
great in this newly adopted occupation as in the occupa- 
tions whence it drew recruits. The occurrence of motion 
along lines of least resistance was before shown to necessi- 
tate the growth of population in those places where the 
labor required for self- maintenance is the smallest; and 
Imre wo further see that those engaged in any such advan- 
tageous locality, or advautajgeous business, rnust multiply 
till there arises an approximate balance between this lo- 
cality or business and others accessible to the same citizens. 
In determining the career of every youth, we sec an 
estimatinn by imronts of the respective advantages offered 
by all that are availal)le, and a choice of the one which 
promises best; ami through the consequcift influx into 
trades tluit are at the time most jirofitablc, and the with- 
holding of recruits from overstocked trades, there is in- 
sured a general e(|uipoise between the power of each social 
organ and tiro fuirction it has to perform. 

The various industrial actions and reactions thus con- 
, tinually alternating constitute a dependent moving equi- 
librium like that which is maintained among the functions 
of an individual organism. And this dependent moving 
eqnililrrium parallels those already contemplated, in its 
tendency to become more complete. During early stages 
of soeiai evolution, wliilo yet the rcsoiirces of the locality 
• inhabited are unexplored and the arts of production un- 
developed, tliei-e is never anything more tlian a temporary 
and partial balancing of such actions, under the form of 
acceleration or retardation of growth. But when a society 
approaches tlie maturity of that typo on which it is organ- 
ized, tlio various industrial activities settle down into a com- 
{wratively eonstant state. Moreover, it is observable that 
advance ‘in organization, a.B well as advance in growth, is 
conducive to a better liquilihriuin of industrial functions. 
While the diffusion of niereantilo information is slow, and 
¥ the means of transport defleient, the adjustment of supply 

I to demand is extremely imper/eet; great overproduction 
of each eommodity, followed l>y great underproduction, 
constitute a rhythm having extremes that depart very 
widely from the mean state in which demand and supply 
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are equilibrated* But when good roads are made, and 
there is a rapid diffusion of printed or written intelligence, 
and still more wlien railways and telegra])hs eoinc into ex- 
istence — when the periodical fairs of early days lajise into 
'weekly markets, and these into daily markets— tliere is 
gradually produced a better balance of production and 
consumption. Extra demand is mnoh movG quickly 
followed by augmented supply; and the rapid^ oscillations 
of price within narrow limits on either side of a compara- 
tively uniform mean indicate a near approacli to equilil)- 
rium. Evidently this industrial progress has for its limit 
that which Mr. Mill has called “the stationary siate/* 
'When population shall liave l)ecome dense over ail lnil)ital)lc 
parts of the globe, when the resources of every region liuvo 
been fully explored, and wlieu the productive |)artB admit 
of no further improvements, tliore must result an almost 
complete balance, botli between tlio fertility and mortality 
of eacli society, and between its produeing and consiiining 
activities. Each society will exhibit only iniiior deviations 
from its avertigc number, and the liiythm of its industrial 
functions will go on from day to day and year to year with 
comparatively insignificant ])erttirl)ationR. ddi is limit, 
however, though wo are inevitably udvaneing toward it, 
is indefinitely remote, and nan never indeed be aljsolutely 
reached. The peopling of the Earth up to the point Blip- 
posed cannot take place by simple spreading* In the 
future, as in the past, the process will l)eearritHl on rliyth- 
mically, by waves of emigration from new and h iglier centres 
of civilization Buccessively arising, and liy the BU|ipIanting 
of inferior races by the Buperior races they beget; and the 
process so carried on must bo extremely slow. Nor does it 
, seem to me' that such an eiiullihration will, as Mr. Mill sng-' 
gests, leave scope for further mental eultiireand moral 
progress; but rather that the approxiinatiiin to it must be 
simultaneous with the approximaiion to complete equi- 
librium' 'between' man’s nature and 'the conditions. of his 
existence*''.. 

One other .kind of ' social eqiiilib'rat''ion' has still to be^ 
considered — that .win cdi r.OBultB in the CHtahliBliment, of' 
goveiMimental institutions, and which becomes complete as 
these institutionB fall into harmony with tlie deHires' of 'the 
people. TherC'is a"demand and su|'q.')'ly i.n political af&irs 
m itx industrial affairs-; .and in 'the one case '^asd'U The 'O'ther,.' 
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the antagonist forces produce a rhythm which, at first ex- 
treme in its oscillations, slowly settles down into a moving 
equilil)rium of comparative regularity. Those aggressive 
irapiilses inherited from the pre-social state— those ten- 
dencies to seek self-satisfaction regardless of injuiy to 
otlier beings, which are essential to a predatory life, con- 
stitute an anti-social force, tending ever to cause conflict 
and eventual separation of citizens. Contrariwise, those 
desires whose ends can bo achieved only by iinion, as well 
as tliose sentiments which find satisfaction through inter- 
course witli fellow-men, and those resulting in what we 
call loyalty, arc forces tending to keep the units of a 
society together. On the one hand, there is in each citi- 
zen more or less of resistance against all restraints imposed 
on his actions by other citizens : a resistance which, tend- 
ing continually to widen each individual’s sphere of action, 
and reciprocally to limit the spheres of action of other 
individuals, constitutes a repulsive force mutually exer- 
cised by the members of a social aggregate. On the other 
hand, the general sympathy of man for man, and the more 
special sympathy of each variety of man for others of the 
same variety, togetlier with sundry allied feelings which 
the social state gratifies, act as an attractive force, tending 
ever to keep united those who have a common ancestry. 
And simui the resistances to bo overcome in satisfying the 
totality of their desires when living separately are greater 
than the resistances to be overcome in satisfying the 
totality of their desires when living together, there is a 
residuary force that prevents their separation. Like all 
other opposing forces, those exerted by citizens on each 
other are ever producing alternating movements, which, 
at first extreme, undergo a gradual diminution on the way 
to ultimate equilibrium. In small, undeveloped societies, 
marked rhythms result from these conflicting tendencies. 
A tribe whose members have held together for a generation 
or two, reacliGB a size at which it will not hold together; 
and on the occurrence of some event causing unusual an- 
tagonism among its members, divides. Eaeli primitive 
nation, depending largely for its continued union on the 
character of its chief, exhibits wide oscillations between an 
extreme in which the sabjects are under rigid restraint, 
and an extreme in which the restraint is not enough to 
prevent disorder. In more advanced nations of like type, 
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•we always find violent actions and reactions of the same 
essential nature— “ despotism tempered by assassination,” 
eharacteriKing a 2')o]itical state in wliieh unbearable repres- 
sion from time to time brings about a bursting ol all bonds. 
In this familiar fact, that a period of tyranny is followed 
by a period of license and vice viirm, we see how these 
opposing 'forces are ever equilibrating each other; and we 
also see, in the tendency of such movements and counter- 
movements to become more raoilcrate, how the equililira- 
tion progresses towai’d completeness. U'lie civnilietsjK'tweeu 
Gonservatism (which stands for tho_ restraints ot society 
over the individual) and Keform (whicli stands tor the lib- 
erty of the individual against society) fall within slowly 
approximating limits; so that the tcmppraiy bun i nance 
of cither produces a less marked (Icviatiou trom tlie me- 
dium state. Tliis process, now so far advanced among 
ourselves that the o.scillations are comparatively unobtru- 
sive, must goon till tlio balance lictwcen the antagonist 
forces approacdies indetinitely near jicricction. I'or, as 
wo have already seen, the adaptation of inards Tiaturi'yto 
the conditions of his existence cannot cease until Ihe in- 
ternal forces wliich wo know as feelings arc in efjuilibrium 
with the external forces they encounter. And the eatab- 
lishmcntof this equilibrium is_ tlio arrival at astute^of 
human nature and social organization, such that the in- 
dividual has no desires but "those which may be satisfied 
without exceeding his proper spluvre of action, while 
society maintains no restraints hut tluvsc which the in- 
dividual voluntarily respecits. '{’lie progressi ve extension 
of the liberty of citizens, and the reciprocal removal of 
political restrictions, are the steps by whicli wo advance 
to'ward this state. And the ultimate abolition of all liinits 
to the freedom of eacli, save these imposed by; the like 
freedom of all, must result from the comphite equilibration 
between man’s desires and the conduet necessitated by 
surrounding conditions. 

Of course in this case, as in the preceding ones, there 
is thus involved a limit to the increase of heterogeneity. 
A few pages back, wo reached the conclvision that each 
advance in mental evolution is the estahlishment of some 
furtlier internal action, corresponding to some fitrtlier ex- 
ternal action — some additional counection of ideas or 
feelings, answering to some before unknown or tinan- 
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tagonized coiiricction of plienomena. We inferred tliat 
each sucih new function, involving some new modification 
of structure, iniplies an increase of heterogeneity; and 
that thus increase of heterogeneity must go on, while 
there remain any outer relations aftecting tiio organism 
whicli arc unbalancicd by inner relations. Whence we saw 
it to follow that increase of heterogeneity can coma to an 
end only jis equilibration is completed. Evidently the 
like must siniultarieously take place with society. Each 
imu’oinent of lietorogeimity in tlio individual must directly 
or indiimctly involve, as cause or consequence, some incre- 
meuit of lufixirogeru in the arrangements of the aggre- 
gate of individuals. And the limit to social complexity 
can be su-riv'ed at only with tlie establishment of tlie equi- 
librium, just described, between social and individual 
forces. 


§ 170. presents itself a final question, which has 
probably been ta-king a more or less distinct shape in tlie 
Tiiinds of many wliile reading this chapter. “ If Evolution 
of (‘vtu’y kiiui is an increase in complexity of structure 
and fuiict-ion that is incidental to the universal process of 
equiliI.)raf.ion, and if equiiiliration must end in eoinplete 
rcvst, wliat is tlie fate toward which all tilings tend? If 
the Bolar Bystem is slowly dissipating its forces — if the Sun 
is losing his heat at a rate which will tell in millions of 
years— if with diminution of the Sun’s radiations there 
inust go on a diininution in the activity of geologic and 
rruiteorologic jirocesseB as well as in tlie quantity of vegetal 
and animal existence— if Man and Society are similarly 
depetulent on this supply of force tliat is gradually coming 
to an end, are we not manifestly progressing toward 
omnipresent, death?'* ' 

sueli a state must bo tlie outcome of the processes 
everyv/liero going on secuns Iieyond doubt. Whether miy 
ulterior process may reverse these clianges, and initiate 
a new life, is a question to be considered hereafter. For 
the prasent it must suffice that tlie proximate end of all 
tlie transfortuatirinB we have traced is a state of quies- 
cence; fi'lus admits of a priori imof. It will soon become 
apparent that the law of equilibration, not less than the 
preceding general laws, is deduci ble .from the persistence 
of force. '' 

■' ■■ 28 ' , , , 
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We have seen (§ 74) tliat phenoiiiena are intcn^imitnbl^ 
only as the results of universally coexistent forces of at- 
traction and repulsion. These universally coexistent 
forces of attraction and r(3pulsion are, indeed, the corn- 
plementary aspects of tliat absolutely persisi.ent force wliich 
is the ultimate datum of consciousness. Just in the same 
way that the equality of action and reaction is a corollary 
from the persistence of force, since their inequality would 
imply the disajipearance of the diil'erential force into 
nothing or its appearance out of nothing, so we cannot 
become conscious of an attractive force without becoming 
simultaneously conscious of an equal and o j>|)osi ( o rci nilsivo 
force. For every experience of a musoiihir tension (niuler 
which form alone w^e 'can immediately know an attractive 
force) presupposes an equivalent resistanccr—a resistance 
shown in the counterl)a]ancing prossur<3 nf tins Ixxly 
against neiglibori ng olqccts, or in tlia.t absor]d ion of force 
which gives motion to tlic botly, or in birili— ri rinsihstarna 
which we cannot conceive as other than c<|nal to ilm t,en- 
sion, witliout conceiving force t.o Inive cd titer a|)|)car(Hl or 
disappciired, and so denying the j>ersistt*nce of fort'tt. And 
from tins noextssary correlation results our inaldlity, be- 
fore pointed out, of interpreting any [thtuionieiia sjive in 
terms of these correlatives— an innltilitj sltown alike in 
the compulsion wo are under to think of ihest a-ticai fonuts 
which tangible matter displays, a.s d iut to the aittraciion and 
repnlsion of its atoms, and in tlie (totn pulsion wo are. under 
to think of dynamictil forces exerdscal through siiace, by 
regarding space as filled wiili atoms similarly tmtiowed. 
Thus from the existence of a for(*e that is foiajvcn* un- 
changeable in quantity there follows, as a mH*(*ssary ('orob 
lary, the coextensive existence of these opposite forms of 
force — forms under which the (xmdit;i<3ns of our conscious- 
ness oblige us id’ represent that absolute force wliieh tran- 
scends our knowledge. 

But the forces of,, attraction and. repulsion lH.dng univc^r- 
sally coexistent, , it follows, as before Hhow.u, that till motion 
is motion under resistance. . U'uitsof matter, solid, liquid, 
aerifor,m, or ethereal, filling "tluj si)aee wliicli any n.iovi.ng 
body traverses, oifer to such b(.)dy tlio rcsiHiam^i,,! cimi sequent 
on their cohesion, or' their inertia, or botln .In other words,, 
the, denser or rarer,, mediunv 'whicli ocjciipics the.. pltw^es 
from moment to moment |)asBed tliroiigh ,by sucli imwing 
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body btwiiig to l)c (3xpelled from tliern^ as mncli motion is 
abstracted from the moving body as is given to the me- 
dium in expelling it from these x>hices. ''riiis being the 
condition nnder wliicli all motion occurs, two corollaries 
result. The first is, that tlie deductions perpetually made 
by the comminiication of motion to the resisting medium 
cannot but bring tlie motion of the body to an end in a 
longer or shorter time. The second is, that the motion of 
tlie body cannot cease until these deductions destroy it. 
In other words, movement must continue till equilibration 
takes place; and equilibration must eventually take place. 
Both these arc manifest cledactions from tlie persistence 
of force, ''.ro say that the whole or part of a body’s motion 
can disappear, save by transfer to something which resists 
its motion, is to say that the whole or part of its motion 
can disappear without effect; which is to deny the per- 
sistence of force. (Jonversely, to say that the medium 
traversed can be moved out of the body’s path, without 
deducting from tlio body’s motion, is to say that motion 
of tlie inodiurn can arise out of notlung; which is to deny 
tlie persistence of force. Hence this primordial truth is 
our immediate warrant for the conclusions, that the 
elianges wliich Evolution presents cfinnot end until equili- 
bri urn is readied; and that cqiiilibriuin must at last be 
readied. 

liqiuilly necessary, because cciually doducible from this 
same trutli that tr^mscends proof, are the foregoing piro- 
positions respecting tlie csl^ablisliment and maintenanco of 
moving e(|uilibria, under tlieir several aspects. It follows 
from tlic jiersistence of force, that the various motions 
possessed by any aggregate, either as a whole or among its 
parts, must be severally dissipated by tlie resistances tliey 
severally encounter; and that thus, such of them as are 
least ill amount, or meet with greatest o|)positi on, or lioth, 
will 1)0 brought to a close while tlic others continue. 
Hence in every diversely moving aggregate there results a 
comjmratively* early dissipation of motions which are 
smaller and much 'resisted, followed by long contimiaiice 
of thedarger and less-resisted motions; 'and so there arise, 
dependent and inclependoiit nioving equilibria. Hence 
also may 'ho inferred tlie tendency to conservation of such 
moving equilibria. For the new motion given to the 
parte of a moving equilibrium by a idisturbing force must 
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either be of such kind and amonut that it cannot l)e dis- 
sipated before the pro-existing motions, in wliich _e!ise it ; 
brings the moving cquilibriiim to an end; or else it must , 
be of sucii kind and amount that it can lie. dissipated _he- 
fore the pre-existing motions, in which cause the moving 
equilibrium is re-established. 

Thus from the persistence of forwj follow not only the 
various direct and indirect equilibrations going on siroimd, * 
together with that cosmical equilibration whicdi brings ; 
Ev'olution under all its forms to a close; but also tliose less | 
manifest equilibrations shown in the readjustments of mov- ; 
iug equilibria that have been di.sturbcd. By this iiltimato ; 
principle is provable the tendemey of every orgaiiisru, dis- ■ 
ordered by some nuusnai influence, to return to a bidaneed : 
state. To it also may be traced tho_ea.iiacil.y, possessed in J 
a slight degree by individuals, and in a greater degree by : 
speefes, of becom'ing adapted to nenv cd retunslanees. And j 

not loss does it afford a basis for tlio inferpiieo lliat there i 

is a gradual advance toward harmony hedween man’s ; 
mental nature and the conditions of liis exist, eime. After ; 
finding that from it are deducihle tlm various etmraeleris- ; 
ticis of Evolution, we finally draw from it a warrant for the ' 
belief that Evolution can end only in the e.stulili.slmiont of 
the greatest perfection and the most eoinplete happiness. 


OIIAPTEE XX! II. j 

nisHotu’TioN:. i 

§ 177. AVhen, in Cffiaptor XIL, we glanced at the j 
cycle of changes through whieli every uxi-steiiec passes in | 
its ])rogroS8 from the impereeptihlo to the pereejitildo and 1 
again from the porcoptihle to the imperecqitihle — when | 
these opposite redistributions of matter and motion wore I 
severally distinguished as Evolutioujnid Dissolution; the j 
natures of the two, and the eiinditions under which they j 
respectively occur, were speeilieiHri general terms. Since 
then, we have contemplated the plienomenu of Evolution 
in detail, and have followed tliem out to those states of 
eqnililirium in which they all end. 'I'o eomplcto the argu- 
ment wo must now contemplate, somewhat more in detail , 
than before, the complomentary pheuoraetui of Dissolution 
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Not, indeed, that we need dwell long on Dissolution, 
which has none of tliOvSe various and interesting aspects 
which Evolution presents; hut something more must be 
said than has yet been said. 

It was shown that neither of these two antagonist pro- 
cesses ever goes on absolutely unqualified by the others; 
and that a change toward either is a differential result of 
the conflict between them. An evolving aggregate, while 
on the average losing motion and integrating, is always, 
in one way or other, receiving some motion and to that 
extent disintegrating; and after the integrative changes 
have ceased to predominate, the reception of motion, 
thongli perpetually chocked by its dissipation, constantly 
tends to produce a reverse transformation, and eventually 
does produce it. When Evolution has run its course — when 
the aggregate has at length parted with its excess of 
motion and habitiudly receives as much from its environ- 
ment as it habi tually loses— when it has reached that equi- 
lil)rium in which its changes end ; it thereafter remains 
subject to all actions in its environment which may increase 
the quantity of motion it contains, and which in the lapse 
of time are sure, either slowly or suddenly, to give its 
parts such excess of motion as will cause disintegration. 
According as its equilibrium is a very unstable or a very 
stable one, its dissolution may come quickly or may be in- 
definitely delayed — may occur in a few clays or may be 
postponed for luillions of years. But exposed as it is to 
the contingencies not simply of its immediate neighbor- 
hood but of a Universe everywhere in motion, the period 
must at last come when, either alone or in company with 
surrounding aggregates, it has its parts dispersed. 

The process of dissolution so caused we have here to look 
at as it takes place in aggregates of different orders. The 
course of change being the reverse of that hitherto traced 
we may properly take the illustrations of it in the reverse 
order— beginning with the most complex and ending with 
tlie most s'imple. ' 

§ 178. Eegarding the evolution of a society as at once 
an increase in the number of individuals integrated into 
a corporate body, an increase in the masses and varieties of 
the parts into which this corporate body divides as well as 
of the actions called their functions, and an increase in 
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the degree of oombination among these masses a.-nd their 
functions, wo Bliall see that social (lissolutior] (‘.onfornis to 
the general law in being, niatcwiahy (a>nsi(lered, a disin- 
tegration, and, dynaniically considered, decu’ease in the 
niovemcnts of wholes and an increase in tlio nu)V(‘nu‘nts of 
parts; wliile it fiu‘ther conforiras to tlie law in being 

(jaused l)y an excess of motion in some way or other re- 
ceived from without. 

It is obvious that the social dissolution which follows the 
aggression of another nation, aTul whitdi, as Instorj sliows 
US, is a|)t to occur when socrial evoluton has ended aiul de- 
cay has begun, is, under its broadest astaa*!, tlie iiundence 
of a new external motion; and whi^n, as sonu* times iuip- 
pens, tbe con<|uered soeudy is dispcu’scal, its dissolution is 
literally a cessation of those e<u‘porat(‘ movements wliich 
the society, hotli in its army ami in its industrial bodies, 
presented, and a lapse into imlivitluai or uneoinl)ine(l 
inovoments— the motion of units rephmes the imdion of 
masses. . 

It (lannot be questione<l, either, thn.t» wlu*n jilugue or 
famiiio at home, or a revolution ahroatl, gives to any 
society an unusual sliock that causes disorder or ineijnent 
diBsolution, there results a decrease of initgral.ed move- 
ments and an increase of disintegrated nunements. As 
the disorder progresses, the political actions previouBly 
. combined under one govern,m<.‘'nt liecsome U!'K‘0,ml,)ined ; 
there arise the antagonistic a(*.tit,»nH of riot or revolt. 
Simultaneously, the industrial and eoniinereial |>roc(‘Bsos 
that were co-ordinated throughout tlie whole body politic 
are broken np, and only the local, or small, trading tran- 
sactioiiB continue- And each further <lisorganizing 
changO' diminishcB" the. joint opcvrrdlcins , ly jvhiidi mcjn 
satisfy their wants, and leaves them to sa4.is,fy their wants, ; 
SO' far' as th,ey can, by separide opi^ratipus. C.)f tj'ic* 'way in 
wliicli sucli disintegrations are lialde to \m si»t np in a 
society that has evolved to tbe limit of its type and. 
■rcaclicd a state of moving e(|uilibrinin, a gocal ill'ustriition 
is furnislied by Japan. Tlie tinislied faliric! into wlih.di its 
|)eople ha,d, organized tlicmstdvcs maintiiiTic*d an almost' 
constant state so long as- it, was pr(»Hern*d from e,xfcer- 
nal forces. - But as soon as. it' rceeivtal an ;im|,aiet frc),m 
Euro|")ean civilization, jiartly by armed aggression, 'partly 
by commercial impulBo, -partly by, the influence of ideas, 
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this fabric began to fall to pieces. There is now in pro- 
gress a political dissolution. Probably a political reorgan- 
ization will follow; but, lie this as it may, the change thus 
far prodiuied by an outer action is a change toward dis- 
solution -a cliange from integrated motions to disinte- 
grated motions. 

Even wliere. a society that has developed into the highest 
form permitted by tlie characters of its units begins there- 
after to (Iw indie and decay, the progressive dissolution is 
still esHontially of the same nature. Decline of numbers 
is, in such case, brought about partly by emigration; for 
a society liaving tlie fixed structure in which evolution 
ends is necesstirily one that will not yield and modify 
iindor prossiiro of population; so long as its structiire will 
yield and modify, it is still evolving. Hence the surplus 
population e(>ntiiiually produced, not held together by an 
organization that adapts itself to an augmenting number, 
is contimmlly dispersed: the influences brought to bear on 
the citizens by other societies cause their detachment, 
and tlunn is an increase in the uncombined motions of 
units inatccul of an increase of combined motions. Grad- 
ually as rigidity becomes greater, and the society becomes 
still less capal)lo of being remoulded into the form required 
for successful competition with growing and more i)lastic 
societies, the number of citizens who can live within its 
unyielding framework becomes positively smaller. Hence 
it (IwindieB botli through continued emigration and 
through the diminished multiplication that follows in- 
nutrition. And tlris further dwindling or dissolution, 
caused by the numl)er of those who die becoming greater 
tlian the number of those wlio survive long enough to rear 
oilspring, is similarly a decrease in the total quantity of 
cornl)inc(i motion aiul an increase ni the quantity of im- 
coiribined motion— as we shall presently see when we come 
to deal with individual dissolution. 

CoriBitlering, then, that social aggregates differ so much 
from aggregates of other ki ds, formed as they are of units 
liehl together loosely and indirecjtly, in such variable ways 
by such complex forces, the process of dissolution among 
them conforms to the general law quite as clearly as could 
be expected. 

§ 179. When from these super-organic aggregates we 
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■descend to organic aggregates^ tluv truth tliat Dissolution 
is a disintegration of mutter, eauscid by tlie ro(.a'‘|)tioii of 
udditioiial motion from witlioift, l)ecomes easily demon- 
stra^ble. We will look first a,t the trjiiisfr)rj.nation and 
afterward at its eaoBe. 

Deatli, or that final cfjuilibration whi<‘h [Troeodea disso- 
lutiou, is the bringing to a elose of all thos(* eoiis|)ieiious 
integrated motions tluit arose during evoiiition. Idie 
iin])nlsions of tlie liody from place t(^ place first ecatse; pres- 
ently the limbs cann<,)t be stirred; later still tbti ri'Spiradory 
acti<)ns stoj); finally thi^ luairt bta'omes slut ionary, and, 
witli it, the circulating Iluids, I’ltat is, the transfornm- 
tion of molecular motion into the motion of masses Cannes 
to an end; and each of tliese Tuotions of mass<*s, as if* ends, 
disappears into molecular motions, Wliat lakes 

place*? Wo cannot say tliat there is any furilier trans- 
formation of sensible movements into insensible move- 
ments; for Herisil)lenu)venieiits]m longta* exist. Kev(‘i‘tlu> 
less, tlie process of deeuy involves an in(^reasis of instmsiblo 
movements; mnm these are far greadcn* in the gases gene- 
rated by decomposii.ion tluiii they are in the lluid-Holid 
matters ont of wliicli tlie gaHi‘s arisen Dacli of the com- 
plex chemical units composing an organic! iHuly possi‘ss(!S 
a rhythmic motion in which its many cicaripoiumt units 
•jointly partake. When dectomjMJsiiion luauiks ii|) tliose 
complex moletmles, and tlieir constitiientH assume gaseous 
forms, there is, besides that increase of motion implied l)y 
the diitusion, a resolution of such motions as the aggregate 
molecules i)assesHed into motions of iludr <‘oiistituent 
molecules. Bo that in organic dissolution we have, first, 
an end put to that tratisformation of tlie motion of units 
into tlie motion of aggregates, wlmh c‘onHt.iinies evolution, 
dynamically ■ coiiBidereit ; and we iiave also, tlioiigli in a 
subtler sense, a transformation of the motion of aggregates 
into the motion of xrnits; Htill it is iifit tlius sliowii tliat 
organic disBolution fully answers to the gtiiM'ral tlefinition 
of dissolution — the ubsorpilon of motion ami. ecuicciniitant' 
disintegration of -matter. Tim disintegratio.ii of matter 
is, indeed, consjiiimous enough,, Imt tlie absorption of 
motion is not- conspicuous. '.I'rm.!, the fa(!t that motion 
has been absorbed may be inferrctl from the fact that the 
particlcjs previously integrated into a S'olid itUiBB, ■0(,!Cii|)ying 
a small space, liave most o.f them moved away -from one-^ 
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another and now occupy a great space; for the motion im- 
plied by this transposition must have been obtained from 
somewhere. But its source is not obvious. A little 
search, however, will bring us to its derivation. 

At a temperature below the freezing point of water 
decomposition of organic matter does not take place— the 
integrated motions of the highly integrated molecules are 
not resolveil into the . disintegrated motions of their com- 
ponent_moIeculcs. Dead bodies kept at this temperature 
for an indeliuitely long period are prevented from decom- 
posing lor indefinitely long period: witness the frozen 
carcasses of Maminoths— Elejihanf s of a species long ago 
®^tinct— 'that are found imbedded in the ice at the mouths 
of Siberian rivers; and which, tliough they have been 
there for many tliousand of years, have flesh so fresh that, 
when at length exposed, it is devoured by wolves. What 
now is tlie moaning of such exceptional preservations? A. 
body kept below freezing point is a body which receives 
very little lioat by radiation or conduction; and therecep- 
tion of but little lieat is the reception of but little molecu- 
lar imd.ion. d'hat is to say, in an environment which 
does not furnish it with inoleeular motion passing a certain 
amount, an organic body does not undergo dissolution. 
Oonfhmiatory ovi(lenco is yielded by the variations in rate 
of dissolution wliieh accompany variations of temperature. 
All know that in cool weatlior tlie organic substances used 
in our liousoholds keep longer, as we say, than in hot 
weather. Equally certain, if less familiar, is the fact that 
in tropical climates decay proceeds much more rapidly 
tlian in tempcirato climates. I'lms, in proportion as the 
molecular motion (jf surrounding matter is great, the dead 
organism receives an almndant supply of motion to replace 
tlm motion continually taken up by the dispersing mole- 
cules of tlie gases into which it is heiiig disintegrated 
Thu still quicker decompositions produced by exposure ■ 
artilicially raised temperatures atford furtlior proofs; 
instance those wliich occur in cooking. The charred 
faces of |)aris that have been much lieated show ns ' 
the molecular motiou absorbed has served to dissipat 
gaseous forms all the cdeiueuts but the carbon. 

The nature and caiuso of Dissolution are thus clearly di. 
played liy the aggregates which so clearly display the na- 
ture and cause of Evolution, One of these aggregates 
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being composed of that peculiar, matter to wliicli a hrrge 
quantity of constitutional motion gives great {jlastieity, 
and tlie ability to evolve into a highly compoutiil form 
(§ lOJ)), WG see that after evolution lias ceased a very mod- 
eiaite amoiint of molecular motion, adtUHi to tliat alr(*a.(ly 
looked up in its peculiar matter, Buflices to cause disscilu- 
tion. Though at death there is reached a stable equilib- 
.idurn anioiig tlio sensible masses, or organs, wtiich make 
np the Ixxiy, yet, as the insensible imits or molecules of 
whieli these organs consist are in niivstable e(|ui!ibriuin, 
small incident forces suffice to overtlirow them, and lienee 
disintegration proceeds rapidly • 

§ 180. Most inorganic aggregates, Ijaving arrived at 
dense forms in wliieh comparatively litth^ motion is re- 
tained, remain long \vithout inarkt‘d (diaiigi^s. Kac‘h has 
lost so mucli motion in jiassing from the disiiitt^graii^d to 
the integrated state, that much inotion tniust lie giv(‘n to 
it to cause resumption of i-ho disini.egrated state; Jiinl an 
immonse time may elapse liefore there oetmr in the en- 
vironment changes great enough to (M>iirnittnie.{itc t.o it tlie 
requisite quantity of nuitiom Wo will look iirst; at tlioso 
exceptional inorganic aggregates wh h-h reiuiii much mo- 
tion, and therefore readily nmlergo dissolut ion. 

Among these are the liquids and volatile solids which 
dissipate under ordinary eondiiions* “•water that evapo- 
rates, carbonate of ammonia tluit wusti’s away liy tire iUb- 
,, persion of its molecules. . In all such cases luoiion is ab- 
sorbed; and always the dissoliiiion is raiud in proporlion 
as the quantity of lieat or motion wliielr tlie aggregated 
mass receives from its environment is grcfut.^ , .Next come 
the cases in which the moIrHUiles drf a luglily integrattMi or 
solid aggregate are dispersed among the molecii!i*B of a 
less integrated or rupiid 'aggregate, as in ar|iu/oiis soliitii'Uis. 

^ One evidenrio tliat this disintegration of matter lias for its 
concornitant the absorption of motion is that solulde Hub- 
staneoB dissolve tlio more (pnekly the Ind-ier ' ijicf water,: 
Bitpposing always that' no edeetive affinity ('•orues iiiti'aplay* 
Am.iilier and s'till more concluBive (*vid'eiice is, that wluu'i 
crystals of a given tmnperaiun^ are platan'! Iri water of 'tlie 
same tenn'ieratu're, tl'ie proct.^ss of soliiiit'U'i is ac.H.toiiipankHl 
'by a fall of tomperat'U're— often a very, great one. (Imitt- 
ing instances in which some' 'chemical action Takes ..place 



■between tlio salt and the water, it is a uniform law that 
the motion which disperses the molecules of the salt 
through the water is at the expense of the molecular 
motion possessed by the water. 

Masses of sediment accumulated into strata, afterward 
compressed by many thousands of feet of superincumbent 
strata, and reduced in course of time to a solid state, may 
remain for millions of years unchanged; but in subse- 
quent millions of years they are inevitably exposed to dis- 
integrating actions. Eaised along with other such masses 
into a continent, denuded and exposed to rain, frost, and 
the grinding actions of glaciers, they have their particles 
gradually separated, carried away, and widely dispersed. 
Or when, as otherwise happens, the encroaching sea 
reaches thorn, the undermined cliffs which they form_ fall 
from time to time, breaking into fragments of all sizes; 
the waves, rolling about the small pieces, and in storms 
turning over and knocking together the larger blocks, re- 
duce them to boulders and pebbles, and at last to sand and 
mud. Even if portions of the disintegrated strata accu- 
mulate into shingle banks, which afterward become solidi- 
fied, the process of dissolution, arrested though it may be 
for some enormous geologic p.eriod, is finally resumed. As 
many a sliore shows us, the conglomerate itself is sooner 
or later subject to the like processes, and its cemeuted 
masses of licterogeneous components, lying on tbo _beach, 
are broken up and worn awaybyimpactandattrition—- 
that is, by communicated mechanical motion. 

When not thus effected, the disintegration is effected 
by communicated molecular motion. The consolidated 
stratum, located in some area of subsidence, and brought 
down nearer and nearer to the regions occupied by molten 
matter, comes eventually to have its particles brought to a 
plastic state by heat, or finally melted down into liquid. 
Wbatover may bo its sulisoqueut transformations, the 
transformation then exhibited by it is an absorption of 
motion and disintegration of matter. 

Bo it simple or compound, small or large, a crystal or a 
mountain chain, every inorganic aggregate on the Earth 
thus, at some time or other, undergoes a reversal ot^those 
changes undergone during its evolution. Not that it 
usually passes back completely from the perceptible into 
the imperceptible, as organic aggregates do in great part, 
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if not wliolly. But still its disintegmtfon dispersion 
carry it some distance on the way toward tlie iiitpcrc'epti- 
ble; and tliere are reasons for thinking that its arrival 
there is but delayed. At a period innneasurably remote, 
every such iTiorga^Hcag^gregiitcg aloiig^vith all uiidissipated 
reiniiants of organic aggregates, must bo reduced to a state 
of gaseous diffusion, and so complete the cycle of its 
changes. 

. § 181. For the Earth as a wliole, whim it luis gone 
througli tlie entire series of its aHcrmibiig traiisl'(rriiiati()Ms, 
must' remain, dike ail smaller aggregates, i^Xjiosed to tlie 
contingencies of its environment; and in tin', c'ourse of 
those ceaseless changes in progress ihrougliout a rniverse 
of whicli all parts arc in motion, must, at. somh! [leriod be- 
yond the utmost stretcli of imagination, h<^ subject to 
forces sufficient to cause its coui[)lete <lisint(‘grat iom Let 
us glance at iJic forces com|>etent tn disinlcgraffi* it. 

In Iris essay on'^ddie Intcraotiou of Natural h'orces,*’ 
Professor Helmholtz states tlae thermal i‘f|uivalent. of tlie 
EartlPs movement through s|>ae«g as (’alculated on tlio 
now received datum of Mr. rbruhu “ If our Earth,” lie 
says, “were by a sudden shock lirought to nrst- in her orbit 
— wiiicli is not to bo feared in tlie (‘xistiug arraiigenamt of 
our system — by such a sliock a (fuaiitlty of beat would bo 
generated equal to tluit prodmaMl by tin* combustion of 
fourteen sucli Earths of solid coal. Making tla^ most un- 
favoralilt assumption as Uf its iujiacify for lieat, tliat is, 
placing it equal to that of water, thi^ mass of {lu^ blartli 
would therehy be heated 11,^00 tk‘griteH; it would tliere- 
foro bo quite fused, ami for the umst {Mirt rifitueed to 
vapor. If then the Eartli, a.ftc*r having lieeii thus bremght 
to rest, should fall into tlm Hun, wlibdi <it (uairse woiiht be 
tbc case, the quantity of heai developia} l»y tlu> Hbock, 
would be four hundrtal times gn‘ut.er.” Kow'tiiougb ibis 
calculation sceniB do be nothing to tlie jitirjiose, sim'ei.lie 
Earth is nofc likely to he suddenly arre^sted ,in its orliit and 
not likcily tlicreforo suddenly to fall into the Sun; yet, as 
bidorc pointed out (§ 1?1), there is a foree at work which 
it is In.ild must at last bring tlui, Earth into ilui Hum 'riiis 
force is the resistance of the eilunaai! meiliuim From 
etliereal resistance is inferred a retarclatioii of all moving 
bodies in tlni Holar Hystenn— ti retardation which certain 
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astronomers contend even now shows its effects in the rela- 
tive nearness to one another of the orbits of the older 
planets. If, then, retardation is going on, there must 
come a time, no matter how remote, when the slowly di- 
minishing orbit of the Earth will end in the Sun; and 
though the quantity of molar motion to be then trans- 
formed into molecular motion will not be so great as that 
which the calculation of Helmholtz supposes, it will be 
great enough to reduce the substance of the Earth to a 
gaseous state. 

This dissolution of the Earth, and, at intervals, of every 
other planet, is not, however, a dissolution of the Solar 
System. Viewed in their ensemile, all the changes ex- 
hibited throughout the Solar System are incidents accom- 
panying the integration of the entire matter _ composing 
it; the local integration of which each planet is the scene 
completing itself long before the general integration is 
complete. But each secondary mass, having gone through 
its evolution and reached a state of equilibrium among its 
parts, thereafter continues in its extinct state, until by the 
still progressing general integration it is brought into the 
central mass. And though each sncli union of a secondary 
mass with the ceirtral mass, implying transformation of 
molar motion into molecular motion, causes partial diffu- 
sion of the total mass formed, and adds to the quantity of 
motion that has to be dispersed in the shape of light and 
heat — yet it does but postpone the period at which the 
total mass must become completely integratediii, and its 
excess of contained motion radiated into space. 


* g 182 . Here we come to the question raised at the close 
of tl'm last chapter — does Evolution as a whole, like Evolu- 
tion in detail, advance toward complete quiescence? Is 
that motionless state called death, which ends Evolution 
in organic bodies, typical of the universal death in which 
Evolution at large must end? And have we thus to con- 
template, as the outcome of things, a boundless space hold- 
ing here and there extinct suns, fated to remain for ever 
without further change? 

To so speculative an inquiry, none but a speculative 


Thouffli thift chapt»er is new, this section, and the one foHqwingjt, are not 
new In the first edition t.ht*y were included in the final section of thefore- 
mim chapter. Wliile substantially the same as before, the areument has been 
in some places abbreviated and in other places enforced by additional matter. 
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answer is to' bo expcetecL Such answer as may lie ven- 
tured must be taken less as a positive answer than as a 
demurrer to the eoiK*liision that tlio |)roximaie :n*suit must 
be tlio ultimate resujt. If, ])ushiiig t(? its extreiin? tlie ar- 
gument that Evolution must come to a close in complete 
equilibrium or rest, the reader suggests tliat, for aught 
wliicli appears to^ the contrary, the li iiivcrsa! Deaith thus 
iinjdied will continue indcdnitcly, it is legitimate to point 
out liow, on carrying i4ie argument still furtlier, we are led 
to infer a subsequent Universal Let iis see what may' 

be assigned as gronmls for inferring tliis. 

It lias been already shown tliat all ccjuilihrution, so far 
as we can train? it, is relative, d’he ilissipation of a 
body’s motion by (Munniunica-tion of it io surrounding 
matter, solirl, li(|uid, gaseous, and ctlicreal, brings tin? 
body to a fixed iiositimi in n^lation to ilm inaitm’ tJiat 
abstracts its motion. Ihit all its otlnn* motions i?<inliiiuo. 
Eiirthor, this motion, the disappeirrnnccof whiidi laiuscs rel- 
ative equilibration, is not lost lait simply trarisfcrretL 
Whether it is directly transformcil into insensible motion, 
as happens in the castt of the Han, or wlahhcr, as in tlie 
sensible iriotions goiri^^on aronnd us, it is (lirt*cdly iruns- 
forraed iiito sinalUn* serisilile luotifuu^, ai^ fJjcse iri{;o still 
smaller, until they beianne insensible, nmttm's not. In 
every inetanco the ultimate result is that whatever motion 
of masses is lost reappears as nmlecmlar motion {lervadiiig 
space. Tims the (juestions wo have to considm* are: 
Wliethei’^fter the completion of all the relat;ive cf|uiltbra- 
tions winch bring Evolution to a idose, tliere remain any 
furtlicr equilibrations to be ciri*ctedl' Whetlier there are 
any other motions of masses that must cvmitually ho trans- 
formed into molecular motion? And if there aro sm»h 
other motions, what must bo tin? i‘onHef|Uen(‘e wlien tlie 
.moleerilar, motion , generated byiludr transformation .is 
added to that whi(di already exists? 

To tlio 'first of these <|ueBtio'ns tlm answer is, tliat there 
da remain motions which are iimliminisluai ly all tlie 
relative equilibrations 'wo have coimiiiercd; nanndy,, the 
motions of translation poBscised by tlu,»se vast rriiiS8i:j8 of 
'i'na,tt(U‘ ladled starH—remoto suns tliat are proliabJy, like 
ourow'ii, surrounded 1y circling groups of planets. 'The, 
belief tliat the stars a.re fixed dnis long since lieen aban-' 
doned j observatio'n has I'lroved many ol them ' to have sensi- 
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bio proper motions. Moreover^ it lias been ascertained by 
measurement tluit in relation to the stars nearest to ns, 
our own star travels iit the rate of about half a million 
miles per day; and if, as is admitted to be not improbable, 
onr own star is moving in the same direction with adjacent 
stars, its absolute velocity may be, and most likely is, im- 
monsely greater than this. Now no such changes as those 
taking place within the Solar System, even when carried to 
the extent of integrating the whole of its matter into one 
mass, and dilf using all its relative motions in an insensi- 
ble form tbrough space, can affect these sidereal motions, 
llcnce, there appear no alternative but to infer that they 
must remain to be equilibrated by some subsequent pro- 
cess. 

Tlio next question that arises is: To what law do 
sidereal motions conform? And to this question Astron- 
omy replies- — the law of gravitation. The movements of 
biliary stars have proved this. The periodic times of sun- 
dry binary stars have been calculated on the assumption 
tliat their revolutions are determined by a force like that 
which regulates tlie revolutions of planets and satellites; 
and the Bubsequent performances of tlieir revolutions in 
the predicted periods have verified the assumption. If, 
tlien, these remote bodies are centres of gravitation— if we 
infer tluit all other stars are centres of grifcvitation, as we 
may fairly do — and if wo draw the unavoidable corollary, 
that tlie gravitative force, which so conspicuously affects 
stars that are near one another, also affects remot^tars, we 
must conclude that all the members of our Siderlffi. System 
gravitate, individimlly and coIlecM^ 

But if these widely dispersed moving masses mutually 
gravitate, what must happen? There appears but one 
tenable answer. They cannot preserve thoi r present ar- 
rangement; the irregukir distribution of our Sidereal 
System being sueb as to render even a temporary moving 
equilibrium impossible. If the stars are centres of an at- 
tractive force that varies inversely as the square of the dis- 
tance, thcr<3 is no escape from tlie inference tliat the 
structure of our galaxy is undergoing change, and must 
continue to undergo change. 

Thus, in the absence of tenable alternatives, we are 
brought to the positions : 1, that the stars are in motion ; 
% that they move in conformity with the law of gravita- 



448 


FIRST PEINCIPLES. 

tion; 8, that, distributed as they are, tlioy emnot move 
in conformity witli the law of gravitatioji witliout imder- 
going rearrangement. If ii<’)W we ask; the naturci of this 
rejirrangement, we find ourselves ol)liged to infer a pro- 
gressivcj concentration. Stai's at present disperscul must 
become locally aggregated; existing aggregations (ex(Hii)t- 
ing, perliaps, tlie globular clusters) must grow more dense; 
and aggregations must coalesce witli one another, '^I'liat 
integration has been progressing throughout past eras we 
ifound to be indicated by the structure (d tlie lu^uvens, in 
goneral and in detail; and of tlic extent to which it has 
in some places already gone, rema:rkal)k^ instances are 
furnished by the Magellanic elouds^ — two closely pueked 
agglomerations, not, indeed, of single stars only, Ijut of 
single stars, of clusters regular and irreguhir, of nelmlm, 
and of dillnsed nebulosity. 'Find tliese have lienn i'ormed 
by matiuil gravitation of parts onee whlely H(»aitered, there 
is evidence in the barrenness of tlie surrounding (’el(‘stial 
spacics; tlie nubecula minor, es|>ecially, iHung scnited, as 
Humboldt says, in a kind of staiiess desert/' 

What must be the limit of siuvh (aitu’cntratifrns? 1'^ho 
mutual attraction of two stars, wlien il. so far |)r(»dominuteH 
over other attractions as to cause a|)pj^)xirujiti<)n, almost 
certainly ends in the formation of a liinary Hi.ar; since tlia 
motions generated by otlior attractions prevc^nt the two 
stars from moving in straight lines to tlieir cfiriiiiHin (centre 
of gravity. Between smali clusfciws, too, having also cer- 
tain proper motions as clusters, mutual aiiracti(m iimy 
lead, not to complete union, but to the formation of 
buuiry clusters. As the process eontimics, lujwevm*, and 
the clusters become larger, they must mov() more directly 
toward each other, tlrus forming clusters of iiicreaHing 
density. While, therefore, during tlie earlier stages of ' 
concentration tlio probabilities are irnmense against: tlie 
actual contact of these mutually grav limiting- masses; it is ■ 
tolerably manifest that, as tlie (suuavni-nitifm im*reases, 
collision must become probable and iiliimately eeriain. 
'idiis is an inforoneo not 1ac?king the sup|:sort o:f high au- 
thority. 8ir trohn Herscluil, treating of t;!io.se iiiimerouB 
a-nd vai'iously aggregated clusters of Btu,rs nwealeil by tlie 
telescopii, and (uting with apparent aiiprovai his fatlier^s 
opinion that tho' more dilTused and irregular of these, are 
‘/globular clusters in a less advanced state of condensa- 
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tion/' subsequently remarks, that “ among a crowd of solid 
bodies of whatever size, animated by independent and 
partially opposing impulses, motions opposite to each other 
must i)rodiicc collision, destruction of velocity, and sub- 
sidence or near approach toward the centre of preponderant 
attraction; while those which conspire, or which remain 
outstanding after such conflicts, 7nust ultimately give rise 
to circulation of a permanent character/' Now what is 
here alleged of these minor clusters cannot be denied of 
larger clusters; and thus the above-inferred process of 
concetitrati()ii appears certain to bring about an increas- 
ingly frequent integration of masses. 

We liavo next to consider the consequences of the ac- 
ooinpanying loss of velocity. The sensible motion which 
disappears cannot be destroyed, but must be transformed 
into insensible motion. What will be the effect of this 
iiiscmsiblo motion? Already we have seen that ■were the 
Earth arrested, dissipation of its substance would result. 
And if so relatively small a momentum hb that acquired by 
the Earth in falling to the Sun, would be equivalent to a 
molocjular motion Buflicient to reduce the earth to gases of 
extreme rarity, wliat must bo the molecular motion gen- 
erated by the mutually arrested momenta of two stars, 
tliat have moved to their common centre of gravity 
through spaces irnmeasurahly greater? ''.rhero seems no 
alternative but to conclude tliat it would bo great enough 
to reduce the matter of the stars to an almost inconceivable 
tenuity — a tenuity like that which we ascribe tq nebular 
matter. Such being the immediate effect, wdiat would be 
the ulterior oiTcct? Sir John Herschcl, in tlio passage 
above quoted, describing tb,o collisions that must arise in 
a concentrating group of stars, adds that tliose stars 
‘‘ which remain outstanding after sueli conflicts must ulti- 
mately give rise to circulation of a permanent character." 
The problem, however, is hero dealt with purely as a 
mechanical one: tlio assumption being that the Tmitually 
arrested masses will continue as nuisses— an assumption to 
wlricdi no objection appeared at the time when Sir John 
Ilersehel wrote this passage; since the correlation of forces 
was not then recognized. But obliged as we now are to 
conclude that stars inoving at the high velocities acquired 
during concentration will, by mutual arrest, be dissipated 
into gases, the problem becomes different; and a different 

■ ■ ... n ■ 
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inference seems unavoidable. For the clilfiised matter 
produced by such conflicts must form a resisting medium, 
occupying that central region of the cluster through which 
its members from time to time pass in describing their or- 
bits— a resisting medium which they cannot move through 
without having their velocities diminished. Every ad- 
ditional collision, by augmenting this resisting medium, 
and making the losses of velocity greater, must aid in pre- 
venting the establishment of that equilibrium which would 
else arise; and so must conspire to produce more frequent 
collisions. And the nebulous matter thus formed, pres- 
ently enveloping the whole cluster, must, by continuing 
to shorten the gyrations of the moving masses, entail an 
increasingly active integration and reactive disintegration 
of them, until they are all dissipated. Whether this pro- 
cess completes itself inde23endently in different parts of our 
Sidereal System ; or whether it completes itself only by 
aggregating the whole matter of our Sidereal System ; or 
whether, as seems not unlikely, local integrations and dis- 
integrations run their courses while the general integra- 
tion is going on, are questions that need not be discussed. 
In any case the conclusion to be drawn is, that the integra- 
tion must continue until the conditions which bring about 
disintegration are reached ; and that there must then en- 
sue a diffusion that undoes the preceding concentration. 
This, indeed, is the conclusion which presents itself as a 
deduction from the persistence of force. If stars con- 
centrating to a common centre of gravity eventually reach 
it, then the quantities of motion they have acquired must 
suffice to carry them away again to those remote regions 
whence they started. And since, by the conditions of the 
case, they cannot return to these remote regions in the 
shape of concrete masses, they must return in the shape of 
diffused masses. Action and reaction being equal and op- 
posite, the monientum producing dispersion must he as 
great as the momentum acquired by aggregation, and being 
spread over the same quantity of matter, must cause an 
equivalent distribution through space, whatever be the 
form of the matter. One condition, however, essential to 
the literal fulfilment of this result, must be specified; 
namely, that the quantity of molecular motion radiated 
into space by each star in the course of its formation from 
diffused matter, shall either not escape from our Sidereal 
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System or sliall be compensated by an equal quantity of 
molecular motion radiated from other parts of space into 
our Sidereal System. In other words, if we set out with 
that amount of molecular motion implied by the existence 
of the matter of our Sidereal System in a nebulous form, 
then it follows from the persistence of force, that if this 
matter undergoes the redistribution constituting Evolu- 
tion, the quantity of molecular motion given out during 
the integration of each mass, plus the quantity of molecular 
motion given out during the integration of all the masses, 
must BUilice again to reduce it to the same nebulous form. 

Here, indeed, we arrive at a barrier to our reasonings, 
since we ca,iiiiot know whether this condition is or is not 
fill 111 led. If tlie ether which fills the interspaces of our 
Sidereal System has a limit somewhere beyond the outer- 
most stars, then it is inferable tluh motion is not lost by 
radiation beyond this limit; and if so, the original degree 
of dilTuHion may 1)G resumed. Or supposing the ethereal 
medium to have no such limit, yet, on the hypothesis of 
an unlimited space, containing, at certain intervals, 
Sidereal. Systems like our own, it may be that the quantity 
of molecular motion radiated into tlie region occupied by 
our Sidereal System is equal to that which our Sidereal 
System radiates; in which case, the quantity of motion 
possessed hy it remaining undiminished, it may continue 
during unlimited time its alternate concentrations and 
diffusums. But if, on the other hand, throughout bound- 
less Hjiace filled witli ether, there exist no other Sidereal 
KSystems 8ul)j(.u',t to like changes, or if such other Sidereal 
Systems exist at more than a certain average distance ffbm 
one another, tlien it seems an unavoidable conclusion that 
• the quantity of motion possessed must diminish by 
radiation; and that bo, on each successive resumption of 
the nebiilouB form, the matter of our Sidereal KSystem will 
occupy a less space, until it reaches either a state in which 
its conceit trations and diffusions are relatively small, or a 
state of complete aggregation and rest. Since, however, 
we liave no evidence showing the existence or non-existence 
of Sidereal Systems throughout remote space, and since, 
even had we speh evidence, a legitimate conclusion could 
not be drawn from premises of which one element (un- 
limited space) is inconceivable— we must be forever with- 
out answer to this transcendent question. 



453 


FIBST PRINCIPLES. 


But confiiiing ourselves to the proximate and not neces- 
sarily insoluble question, we find reason for thinking that 
after the completion of those various equilibrations which 
bring to a close all the forms of Evolution we have con- 
templated, there must continue an equilibration of a far 
wider kind. When that integration everywhere in pro- 
gress throughout our Solar System has reached its climax, 
there will remain to be effected the immeasurably greater 
integration of our Solar System with other such systems. 
There must then reappear in molecular motion what is lost 
in the motion of masses; and the inevitable transformation 
of this motion of masses into molecular motion cannot 
take place without reducing the masses to a nebulous form. 

§ 183. Thus w^e are led to the conclusion that the en- 
tire process of things, as displayed in the aggregate of the 
visible Universe, is analogous to the entire process of things 
as displayed in the smallest aggregates. 

Motion as well as Matter being fixed in quantity, it would 
seem that the change in the, distribution of Matter which 
Motion effects, coming to a limit in whichever direction it 
is carried, the indestructible Motion thereupon necessitates 
a reverse.jiistribution. Apparently, the universally co- 
existent forces of attraction and repulsion, which, as we 
have seen, necessitate rhythm in all minor changes 
throughout the Universe, also necessitate rhythm in the 
totality of its changes — produce now an immeasurable 
period during which the attractive forces predominating 
caiTse universal concentration, and then an immeasiwable 
period during which the repulsive forces predominating 
cause universal diffusion — alternate eras of Evolution and 
Dissolution. And thus there is suggested the conception 
of a past during which there have been successive Evolu- 
tions analogous to that which is now going on; and a 
future during which successive other such Evolutions may 
go on— ever the same in principle but never the same in 
concrete result. 


CHAPTER XXIV. 

STJMMARY AKD CONCLUSION. 

§ 184. At tlie Close of a work like this, it is more than 
nsiially needful to contemplate as a whole that which the 
successive chapters have presented in parts. A coherent 
knowledge implies something more than the establishment 
of connections; we must not rest after seeing how each 
minoi' group of truths falls into its place within some 
major group, and -how all the major groups fit together. 
It; is rGC|uisito tluit wc sliould retire spiice, aiid, looking 
at the entire structure from a distance at which details 
aVo lost to view, observe its general character. 

Something more than recapitulation — something more 
even than an orgauis^ed restatement, will come within the 
scope of the chapter. Wo shall find that in their anss^nblo 
the general truths reached cxdiibit, under certain aspects, 
a oneness not hitherto observed. , ,, • 

There is, too, a special reason for noting how the various 
divisions and subdivisions of the argument consolidate; 
namely, that the theory at large thereby obtains a final 
illustration, d'he reduction of the generalizations that 
have been set forth to a completely integrated state exem- 
iiliiies once more tlio process of Evolution, and strength- 
ens still further the general fabric of conclusions.' 

§ 18.0. Here, indeed, we find ourselves brought round 
unoxpoctcdly, and very significantly, to the truth with 
winch we sot out, and with which our resurvey must com- 
mence. For tliis integrated form of knowledge_ is the 
form which, apart from the doctrine of Evolution, we 
decided to be tlie highest form. 

When wo inquired what constitutes Philosophy— when 
wo compared men’s various conceptions of Philosophy, so 
- that, eliminating the elements in which they differed, we 
might see in what they agreed — we found m them all the 
tacit implication that Philosophy is completely unified 
kiiowledgej and npart from the proposed methods by wliica 
unification' is to bo effected, we traced in every case the 


454 


FinST PEINCIPLES. ' ] ‘ 

belief that imiiication is possible, and that the. end of Phil- 
osophy is the achievement of it. 

Accepting this conclusion, we went on to consider the 
data with which Philosophy must set out. Fundamental 
propositions, or propositions not deducible from deeper 
ones, can be established only by showing the complete 
congruity of all the results reached through the assumption 
of them; and, premising that they were assumed till so 
established, we took as our data those organized components 
of our intelligence without which there cannot go on the 
mental processes implied by philosophizing. 

From the specification of these we passed to certain 
primary truths: “The Indestructibility of Matter,”, “The 
Oontinuity of Motion,” and “ The Persistence of Force; ” 
of which the last is ultimate and the others derivative. 
Having previously seen that our experiences of matter and 
motion are resolvable into experiences of Force, we further 
saw the truths that Matter and Motion are unchangeable 
in quantity, to be implications of the truth that Force is 
unchangeable in quantity. This we discovered is the truth 
by derivation from which all other truths are to be proved. 

The first of the truths which presented itself to be so 
proved was ‘‘ The Persistence of the Eolations among 
.Forces.” This, which is ordinarily called Uniformity of 
Law, we found to be a necessary implication of the fact 
that Force can neither arise out of nothing nor lapse into 
nothing. 

The deduction next drawn was, that forces which seem 
to be lost are transformed into their equivalents of other 
forces; or, conversely, that forces which become manifest 
do so by disappearance of pre-existing equivalent forces. 
Of these truths we found illustrations in the mo*tions of the 
heavenly bodies, in the changes going on over the Earth’s 
surface, and in all organic and super-organic actions. 

It turned out to be the same with the law that every* 
thing moves along the line of least resistance, or the line 
of greatest traction, or their resultant. Among move- 
ments of all orders, from those of stars down to those of 
nervous discharges and commercial currents, it was shown 
both that this is so, and that, given the Persistence of 
Force, it must be so. 

So, too, we saw it to be with “The Rhythm of Motion.” 
All motion alternates — be it the motion of planets in their 
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orbits or etherciil molecules in tlieir undulations — bo it the 
cadence of speech or the rises and falls of prices; and, as 
before, it became manifest that. Force being persistent, 
this perpetual reversal of Motion between limits is inevita- 
ble. 

§ 186. These truths holding of all e.xistences were rec- 
ognized as of the kind recpnred to constitute what we di.s- 
tiuguished as Philosophy. But, on considering them, we 
perceived that us they stand they do not form anything like 
a Philosophy; and tliat a Philosophy cannot be formed by 
any number of sucli troths separately know_n. Kach such 
truth expresses the general law of some one factor by which 
phenomena, as wo liabitually experience them, are pro- 
duced; or, at most, expresses the law of co-operation of 
some two factors. But knowing what are the elements of 
a process is not knowing how these elements combine to 
elfect it. That wbich alone can unify knowledge must bo 
the law of co-operation of all the factors— a law expressing 
simultaneously tlie complex antecedents and the complex 
eonseqnents wbioh any phenomenon as a whole presents. 

A further inference was that I’hilosophy, as wo under- 
stand it, must not unify separate concrete phenomena 
only, and must not stop short with unifying separate classes 
of ‘cioncreto plumomeua; but nuist unify all concrete 
phenomena. If the law of operation of each factor holds 
true throughout the Cosmos, so, too, must the law of their 
co-operation. And hence in coinprelieiiding tiro Cosmos 
as conforming to this law of co-operation must consist 
that highest unification which Philosophy seeks. 

Doscendiug from this abstract statement to a concrete 
one, we saw that the law sought must be the law of the 
continuous redistribution of Matter and Motion. The 
changes everywhere going on, from those which are slowly 
altering the' structure of our galaxy down to thrsa which 
constitute a chemical decomposition, arc changes in the 
relative positions of component parts, and everywhere 
noecssarily imply tliat along with a new arrangement of 
Matter tliere 'has arisen a new amingement of Motion. 
Hence wo maybe certain, a that there must be a 

law of the concoinitaut redistribution of Matter and Mo- 
tion, whicb holds of every change; and which, by thus 
unifying all changes, must be the basis of a Philosophy. 
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In commencing oiir Boardi for this nnivensal law of 
redistribution we contemplated from anotlier point of 
view tlie prolilein of Idiilosophy, and s*aw that itv^ Bolutioii 
could not but l)e of the nutii:r(i indipa.ie(l. It was sliown 
that a Philosophy stands self-convicted of iiuidequacy, if 
it does not formulate the wliole series of changes passed 
tliroiigli by every existence in its passage from the imper- 
oepti})l(3 to the perceptible and aga,in from the perceptilile 
to the iniperceptible. If it begins its (axplaiiaiitjus with 
existences that already liave coiu;rete forms, or halves off 
wliile they still retain concrete forms— tlum, nianifestly, 
tliey had preceding histories, or will have succeiMling lus- 
tories, or both, of wliich no account is given. And as 
such preceding and siuweeding histories are sulrjects of 
possible knowleclgc, a Philosopliy wliicli says nothing alKUit 
them falls short of the rerjiiired uniilcation. Wlieiu?e we 
saw it to follow tliat the formula souglii, equally appiiiaihle 
to existences taken singly and in tlu^ir toi.ality, must, be 
applicable to tlio whole history of eacli and to the whole 
hivstory of all 

By these considerations wo were l)rought wiilrin view of 
the formula. Por if it luid to (.;(>iiipndiend the entire 
progress from the imperceptible to tlie percejitibht ami 
from the perceptible to the itiipcreeptihie, and if it was 
also to express the continuous redistrilnition of Matter ami 
Motion— tb(3n, obviously, it could be no otlnrr tlmn one 
dehning the opposite |)roccsses of coneenira-l iou and diltu- 
sion in terms of Matter and Motion. And if so, it must 
be a statement of tlie t.inith tiuit f.he <a>ii(*i‘ntriiiioii of 
Matter impli(»B the dissipaiiou of Motion, ami tlmt, con- 
versely, the absor|>tion of Motion implies the d Illusion of 
Mattcf-r. 

Sindq in fact, we found to be the law of tlm (*nt!ro cycle 
of . changes passtul through by every (ixisteniHi-'^foss of 
motion and consc5(|uent integratmm, cv(‘iif.ually follow(*d by 
gain of motion and (jojiscqiumt diHinit'gratiom And we 
saw tluit I)csides api)lying to t.hti wlmle history of each i»x- 
istemaq it ap)plies to each- delaii of the history, ..Botli 
j.)roccsscs aro^ going on at iwcry iiista;nt, lait almiyH tlmre 
is a (liilhrcnthtl result in favor of tin* lirst or the Bccaind. 
And evm’y c.lnrnge, even thougli it ,!:hi only a transposition 
ofqiarts, inevitably advances tlm one proitess or'tlm otlier* 
.livolution and, JL)issoIution, aS' WO' name these opposite 
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transformations, tliough tlius truly defined in tlieir most 
goiieral characters, are but incompletely defined; or rather, 
while, the <Iefiiiition of Dissolution is sufficient, the defini- 
tion of Evolution is extremely insufficient. Evolution is 
always an integration of Matter and dissipation of Motion; 
but it is in most eases much more than this. The primary 
rcalistribution of Matter and Motion is usually accompa- 
nied by secondary redistributions. 

Distinguisliing tlie dillerent kinds of Etolution so pro- 
duced as simiile and compound, wo went on to consider 
Tuuler wind]* (‘onditions the secondary redistributions which 
make Tlvoliition compound take place. We found that a 
concicntrating aggregate wliich loses its contained motion 
rapidly, or integrates quickly, exhibits only simple Evolu- 
tion; but in proportion as its largeness or tlie pectiliar 
constitution of its components hinders the dissipation of 
its motion, its parts, while undergoing that primary rodis- 
tribution wliicli results in integration, undergo secondary 
redistributions producing more or less complexity. 

§ 187. Erom this conception of Evolution and Dissolu- 
tion as together making up the entire process through 
which tilings pass, and from this conception of Evolution 
as dividing into simific and compound, we went on to con- 
sider tlie law of hlvolution as exhibited among all orders 
of existences, ill gerieral and in detail. 

Tlio integration of Matter and concomitant dissipation 
of Motion was traced not in each whole only, but in the 
parts into ‘which each whole divides. By the aggregate 
Bolar feSystom, as well as by each planet and satellite, pro- 
gressive concentration lias been and is still being exempli- 
iicd In eacli organism that general incorporation of dis- 
persed materialB whicli causes growth is accompanied by 
local iricairporatioim, forming what we call organs. Every 
society, while it displays the aggregative process by its in- 
creasing mass of population, displays it also by the rise of 
dense masses in s|>ccial parts of its area. And, in all cases, 
along witli tlieso direct integrations there go the indirect 
integrations liy wliicli pm’ts are made mutually dependent. 

Bh’oni this [irimary redistribution wo were led onto con- 
sider the secondary redistributions, by inquiring how there 
came to lie a formation of parts during the formation of a 
whole. It turned out that there is habitually a passage 
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from homogeneity to heterogeneity, along with the passage 
from diffusion to concentration. While the matter com- 
posing the Solar System has been assuming a denser form, 
it has changed from unity to variety of distribution. 
Solidification of the Earth has been accompanied by a 
progress from comparative uniformity to extreme multi- 
formity. In the course of its advance from a germ to a 
mass of relatively great bulk, every plant and animal also 
advances from simplicity to complexity. The increase of 
a society in numbers and consolidation has for its con- 
comitant an increased heterogeneity both of its political 
and its industrial organization. And the like holds of all 
super-organic products- — Language, Science, Art, and Lit- 
erature. 

But we saw that these secondary redistributions are not 
thus completely expressed. At the same time that the 
parts into which each whole is resolved become more un- 
like one another, they also become more sharply marked 
off. The result of the secondary redistributions^ is therefore 
to change an indefinte homogeneity into a definite hetero- 
geneity. This additional trait also we found to be trace- 
able in evolving aggregates of all orders. Further consid- 
eration, however, made it apparent that the increasing 
definiteness which goes along with increasing heterogeneity 
is not an independent trait; but that it results from the 
integration which progresses in each of the differentiating 
parts, while it progresses in the whole they form. 

Further, it was pointed out that in all evolutions, in- 
organic, organic, and super-organic, this change in the 
arrangement of Matter is accompanied by a parallel change 
in the arrangement of Motion: every increase in structural 
complexity involving a corresponding increase in func- 
tional complexity. It was shown that along with the in- 
tegration of molecules into masses, there arises an integra- 
tion of molecular motion into the motion of masses; and 
that as fast as there results variety in the sizes and forms 
of aggregates and their relations to incident forces, there 
also results variety in their movements. 

The transformation thus contemplated under separate 
aspects being in itself but one transformation, it became 
needful to unite these separate aspects into a single con- 
ception — to regard the primary and secondary redistri- 
butions as simultaneously working their various effects. 
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Evei'ywliero the chaugo from a confused simplicity to a 
distinct complexity, in the distribution of both matter and 
motion, is incidental to the consolidation of the matter and 
the loss of its motion. Hence the redistribution of the 
matter and of its retained motion is from a diffused, uni- 
form, and indeterminate arrangement, to a concentrated, 
multiform, and determinate arrangement. 

§ 188. We come now to one of the , additions that may 
be'made to the general argument while summing it up. 
Ilere is the lit occasion for observing a higher degree of 
unity in the foregoing inductions, than we observed while 
making them. 

The law of Evolution has been thus far contemplated as 
holding true of each order of existences, considered as a 
separate order. Ihit the induction as so presented falls 
short of that completeness which it gains when we con- 
template these several orders of existences as forming to- 
gether one natural whole. While we think of Evolution as 
divided into astronomic, geologic, biologic, psychologic, 
sociologic, etc., it may seem to a certain extent a coinci- 
dence that the same law of metamorphosis holds tln-ough- 
out all its divisions. Butwhen wo recognize these divisions 
as mere conventional groupings, made to facilitate the ar- 
rangement and acquisition of knowledge— when we regard 
the diff'ereut existences with which they severally deal as 
component parts of one Cosmos — we see at once that there 
are not several kinds of Evolution having certain traits in 
common, but one Evolution going on everywhere after the 
same manner. We have repeatedly observed that while- 
any whole is evolving, there is always going on an evolution 
of the parts into which it divides itself; hut we have not 
observed that this equally holds of the totality of things, as 
made up of parts within parts from the greatest down to 
the smallest. We know that while ajihysically-cohering 
aggregate like the human body is getting larger and tak- 
ing on its general shape, each of its organs is doing the 
same ; that'whilo eacli organ is growing and becoming nn- 
like others, there is going on a differentiation and integra- 
tion of its component tissues and vessels; and that even 
the components of these components are severally increas- 
ing and passing into more definitely heterogeneous struc- 
tures. But we have not duly remarked that, setting out 
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witli the human body as a minute part, and ascending from 
it to greater parts, this simultaneity of transformation is 
equally manifest; that while each individual is developing, 
the society of which he is an insignificant unit is develop- 
ing too; that while the aggregate mass forming a society 
is becoming more definitely heterogeneous, so likewise is 
that total aggregate, the Earth of which the society is an 
inapnreciable portion ; that while the Earth, which in bulk 
is not a millionth of the Solar System, progresses toward 
its concentrated and complex structure, the Solar System 
similarly progresses; and that even its transformations are 
but those of a scarcely appreciable portion of our Sidereal 
System, which has at the same time been going through 
parallel changes. 

So understood. Evolution becomes not one in principle 
only, but one in fact. There are not many metamorphoses 
similarly carried on; but there is a single metamorphosis 
universally progressing, wherever the reverse metamor- 
phosis has not set in. In any locality, great or small 
throughout space, where the occupying matter acquires an 
appreciable individuality, or distinguishableness from other 
matter, there Evolution goes on; or rather, the acquire- 
ment of this appreciable individuality is the commence- 
ment of Evolution. And this holds uniformly, regardless 
of the size of the aggregate, regardless of its inclusion in 
other aggregates, and regardless of the wider evolutions 
within which its own is comprehended. 

§ 189. After making them, we saw that the inductions 
which, taken together, establish the law of Evolution, do 
not, so long as they remained inductions, form coherent 
parts of that whole rightly named Philosophy ; nor does 
even the foregoing, passage of these inductions from agree- 
ment into identity suffice to produce the unity sought. 
For, as was pointed out at the time, to unify the truths 
thus reached with other truths, it is requisite to deduce 
them from the Persistence of Force. Our next step, there- 
fore, was to show why, Force being persistent, the trans- 
formation which Evolution shows us necessarily results. 

The first conclusion arrived at was, that any finite homo- 
geneous aggregate must inevitably lose its homogeneity, 
through the unequal exposure of its parts to incident 
forces. It was pointed out that the production of diversi- 
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ties of structure by diverse forces, and forces acting under 
diverse conditions, has been illustrated in astronomic 
evolution ; and that a like connection of cause and effect 
is seen in the large and small modifications undergone by 
onr globe. The early changes of organic germs supplied 
further evidence that unlikenesses of structure follow un- 
likenesses of relations to surrounding agencies — evidence 
enforced by the tendency of the differently placed members 
of each species to diverge into varieties. And we found 
that the contraiBts, political and industrial, which arise 
between the parts of societies, serve to illustrate the same 
principle. The instability of the homogeneous thus 
everywhere exemplified we also saw holds in, each of the 
distiiigu.islial)le parts into which any uniform whole lapses, 
and that so the less heterogeneous tends continually to be- 
come more lioterogeueous. 

A further stop in the inquiry (lisclosed a secondary cause 
of increasing multiformity. Every differentiated part is 
not simply a seat of further differentiations but also a 
parent of farther differentiations; since in growing unlike 
other parts it becomes a centro of unlike reactions on in- 
cident forces, and by so adding to the diversity of forces 
at work adds to the diversity of effects produced. This 
multiplication of eifects proved to be similarly traceable 
throughout all Nature — in the actions and reactions that 
go on throughout the Solar System, in the never-ceasing 
geologic complications, in the involved symptoms produced 
in organisms by disturbing influeneea, in the many 
thoughts and feelings generated by single impressions, 
and in tbo ever-ramifying results of each new agency 
brought to bear on a society. To which was added the 
corollary, confirmed by abundant facts, that the multipli- 
cation of eifects advances in a geometrical progression 
along witli advancing heterogeneity. 

Oom|)l(rtely to interpret the structural clianges constitut- 
ing Evolution, there remained to assign a reason for that 
increasingly distinct demarcation of parts which accom- 
panies tlie production of differences among parts. This 
reason we discovered to be the segregation of mixed uni t^ 
under the action of forces capable of moving them. We 
saw that when unlike incident forces have made the parts 
of an aggregate nnlike in the natures of their component 
units, there necessarily arises a tendency to separation of 
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the dissimilar units from, one another, and to a clustering 
of those units which are similar. This cause of the local 
integrations that accompany local diSerentiations turned 
out to be likewise exemplified by all kinds of Evolution— 
by the formation of celestial bodies, by the moulding of 
the Earth’s crust, by organic modifications, by the estab- 
lishment of mental distinctions, by the genesis of social 
divisions. 

At length, to the query whether these processes have 
any limit, there came the’ answer that they must end in 
equilibrium. That continual division and subdivision of 
forces which changes the uniform into the multiform and 
the multiform into the more multiform, is a process by 
which forces are perpetually dissipated; and dissipation of 
them, continuing as long as there remain any forces un- 
balanced by opposing forces, must end in rest. It was 
shown that when, as happens in aggregates of various 
orders, many movements are going on together, the earlier 
dispersion of the smaller and more resisted movements 
establishes moving equilibria of different kinds,_ forming 
transitional stages on the way to complete equilibrium. 
And further inquiry made it apparent that for the same 
reason these moving equilibria have certain self-conserving 
powers, shown in the neutralization of perturbations and 
the adjustment to new conditions. This general principle 
of equilibration, like the preceding general principles, was 
traced throughout all forms of Evolution — astronomic, 
geologic, biologic, mental, and social. And our concluding 
inference Avas that the penultimate stage of equilibration, 
in which the extremest multiformity and most complex 
moving equilibrium are established, must be one implying 
the highest conceivable state of humanity. 

But the fact Avhich it here chiefly concerns us to remem- 
ber is, that each of these laws of the redistribution of 
Matter and Motion was found to be a derivative law— a 
law dedueible from the fundamental law. The Persistence 
of Force being granted, there follow as inevitable inferences 
“The Instability of the Homogeneous” and “ The Multipli- 
cation of Effects,” while “ Segregation” and “Equilibration” 
also become corollaries. And thus discovering that the 
processes of change formulated under these titles are so 
many different aspects of one transformation, determined 
by an ultimate necessity, we arrive at a complete unifica- 
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tion of them— a synthesis in which Evolution in general 
and in detail hecomes known as an implication of the law 
that transcends proof. Moreover, in becoming thus unified 
with one another, the complex truths of Evolution become 
siihultaneously uniliod witli those simpler truths shown to 
have a like affiliation — the equivalence of transformed 
forces, the movement of every mass and molecule along its 
lino of least resistance, and the limitation of its motion by 
rhytlim. Whicli further unification brings us to a con- 
ception of the entire plexus of changes presented by each 
concrete phenomenon, and by the aggregate of concrete 
phenomena, as a manifestation of one fundamental fact— 
a fa(;t shown alike in the total change and in all the sep- 
arate changes composing it. 

§ 190. Finally wo turned to contemplate, as exhihited 
throughout Nature, tlnit process of Dissolution which forms 
the complomout cf Evolution, and which inevitably, at 
some time or other, undoes what Evolution has done. 

Quickly following the arrest of Evolution in aggregates 
that are unstable, and following it at periods often long 
delayed but readied at last in the stable aggregates around 
us, we saw tluit oven to the vast aggregate of which all 
tliese are parts — even to the Eai'th as a whole — Dissolution 
must cvontuully arrive. Nay, wo even saw grounds for the 
belief that the far vaster masses dispersed at almost im- 
measnreable intervals through space will, at a time beyond 
the rcadi of liuito imagination, sliaredbe same fate, and 
that so universal livolution will ho followed by universal 
Dissolution— a conclusion which, like those preceding it, 
wo saw to be deduciblo from the Persistence of Force. 

It may lie added that in so unifying tlie phenomena of 
Dissolution with tliose of Evolution as being manifestations 
of the same ultimate law under opposite conditions, wo 
also unify the jibenomona represented by the e.xisting ITni- 
verso with the like pliouomena that have preceded them 
and will succeed them— so far, at least, as such unification 
is possible to our limited intolligencos. For if, as we saw 
reason to think, there is an alteration of Evolution _and 
Dissolution in the totality of things— if, as we are obliged 
to infer from the Persistence of Force, the arrival at either 
limit of this vast rhythm brings about the conditions 
uiyier which a counter-inGveineiit commences — if we are 
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Ltence compelled to entertain the conception of Evolutions 
that have filled an immeasurahle past and Evolutions that 
will fill an immeasurable future, we can no longer con- 
template the visible creation as having a definite beginning 
or end, or as being isolated. It becomes unified with all 
existence before and after; and the Force which the Uni- 
verse presents falls into the same^ categoi7 with its Space 
and Time, as admitting of no limitation in thought. 

§ 191. So rounding ofl the argument, we find its result 
brought into complete coalescence with the conclusion 
reached in Part I., where, independently of any inquiry 
like the foregoing, we dealt with the relation between the 
Knowable and the Unknowable. 

It was there shown by analysis of both our religious and 
our scientific ideas that, while knowledge of the cause which 
produces effects on our consciousness is im^iossible, the ex- 
istence of a cause for these effects is a datum of conscious- 
ness. We saw that the belief in a Power of which no limit 
in Time or Space can be conceived is that fundaniental 
element in Religion which survives all its changes of form. 
We saw that all Philosophies avowedly or tacitly recognized 
this same ultimate truth; that while the Relativist rightly 
repudiates those definite assertions which the Absolutist 
makes respecting existence transcending perception, he is 
yet at last compelled to unite with him in predicting ex- 
istence transcending perception. And this inexpugnable 
consciousness, in which Religion and Philosophy are at one 
with Common Sense, proved to be likewise that on which 
all exact Science is based. We found that subjective 
Science can give no account of those conditioned modes of 
being which constitute consciousness, without postulating 
unconditioned being. And we found that objective Science 
can give no account of the world which we know as exter- 
nal, without regarding its changes of form as manifesta- 
tions of something that continues constant under all forms. 
This is also the implication to which we are now led back 
by our completed synthesis. The recog'nition of a per- 
sistent Force, ever changing its manifestations but un- 
changed in quantity throughout all past time and ^ all 
future time, is that which we find alone makes possible 
each concrete interpretation, and at last unifies all concrete 
interpretations. Not, indeed, that this coincidence adds 
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to the strengtih of the argumeiit as a logical structure. 
Oiir synthesis has proceeded by taking for granted at every 
step this iiltirnato truth, and the ultimate .truth cannot, 
tluireforc, be regarded as in any sense an outcome of the 
synthesis. Nevertheless, the coincidence yields a verifica- 
tioiu For when treating of the data of Philosophy, it was 
pointed out that we cannot take even a first step without 
making assumptions, and that the only course is to proceed 
with them as provisional, until they are proved true by the 
coiigriiity of all the results reached. This congruity we 
here see to bo perfect and all-embracing — holding through- 
out that entire structure of definite consciousness of re- 
lations which we call Knowledge, and harmonizing with it 
that indefinite consciousness of existence transcending re- 
lations which forms the essence of Keligion, 

§ 102. Toward some result of this order, inquiry, 
scientific, rnetaphysical, and theological, has been, and still 
is, manifestly advancing. The coalescence of polytheistic 
conceptions into the monotheistic conception, and the re- 
duction of the monotheistic conception to a more and more 
general form in which personal superintendence becomes 
merged in universal immanence, clearly shows this advance. 
It is equally shown in the fading away of old theories 
about ‘‘ essences,” “ potentialities,” occult virtues,” etc; 
in the abandonment of such doctrines as those of Platonic 
Ideas,” Pre-established Harmonies,” and the like; and in 
the tendency toward the identification of being as present 
to us in consciousness with being as otherwise conditioned 
beyond consciousness. Still more conspicuous is it in the 
progress of Science, which from the beginning has been 
grouping isolated facts under laws, uniting special laws 
under more general laws, and so reaching on to laws of 
higher and higlier generality, ixntil the conception of iini- 
versal laws lias become familiar to it. 

Unification being thus the characteristic of developing 
thought of all kinds, and eventual arrival at unity being 
fairly iuferablo, there arises yet a further support to our 
conclusiom Since, unless there is some other and higher 
unity, the unity we have reached must be that toward 
which developing thought tends; and that there is any 
other and higher unity is scarcely supposahle. Having 
grouped the changes which all orders of existences display 
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into inductions; haying merged these^ inductions into a 
single induction; having interpreted this induction deduc- 
tively; having seen that the ultimate truth from which it 
is deduced is one transcending proof ; it seems, to say the 
least, very improbable that there cau be established a fun- 
damentally dilferent way of unifying that entire process of 
things which Philosophy has to interpret. That the fore- 
going accumulated verifications are all illusive, or that an 
opposing doctrine can show a greater accumulation of veri- 
fications, is not easy to conceive. 

Let no one suppose that any such implied degree of trust- 
worthiness is alleged of the various minor propositions 
brought in illustration of the general argument. Such an 
assumption would be so manifestly absurd that it seems 
scarcely needful to disclaim it. But the truth of the doc- 
trine as a whole is unaflected by erroi's in the details of its 
presentation. If it can be shown that the Persistence of 
Force is not a datum of consciousness; or if i't be 
shown that the several laws of force above specified are not 
corollaries from it ; or if it can be shown that, given these 
laws, the Redistribution of Matter and Motion does not 
necessarily proceed as described; then, indeed, it will be 
shown that the theory of Evolution has not the high war- 
rant here claimed for it. But nothing short of this can 

shake the general conclusions arrived at. 

§ 193. If these conclusions be accepted— if it be agreed 
that the phenomena going on everywhere are parts of the 
general process of Evolution, save where they are parts of 
the reverse process of Dissolution, then we may infer that 
all phenomena receive their complete interpretation only 
when recognized as parts of these processes. Whence it 
follows that the limit toward which Knowledge is advancing 
must be reached when the formulas of these processes are 
so applied as to yield a total and specific interpretation of 
each phenomenon in its entirety, as well as of phenomena 
in general. 

The partially unified knowledge distinguished as Science 
does not yet include such total interpretations. Either, 
as in the more complex sciences, the progress is^ almost ex- 
clusively inductive; or, as in the simpler sciences, the 
deductions are concerned with th e component phenomena ; 
and at present there is scarcely a consciousness that the 
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iiltimato task is tlie deductive interpretation of pkenoniGna 
in their state of composition. Tlic Abstract Sciences, deal- 
ing witlx tlui foriris under whicli phenomena 'are presented, 
and the Abstract-Concrete Sciences, dealing with the fac- 
tors by which phenomena are produced, are, philosophi- 
cally considered, the haiidmaids of the Concrete Sciences, 
which deal with tlie produced phenomena as existing in all 
their natural complexity. The laws of the forms and the 
laws of the factors having been ascertained, there tlien 
comes the business of ascertaining tlie laws of the products, 
as detemuiied by the interaction of the co-operative factors. 
Given the Persistence of Force, and given the various de- 
rivative laws of Force, and there has to be shown not only 
how the actual existences of the inorganic world necessarily 
exhibit the traits they do, but how there necessarily result 
the xnore numerous and iiivolved traits exhibited by organic 
and super-organic existences — how an organism is evolved ; 
what is the genesis of human intelligence ; whence social 
progress arises.' 

It is evident that tliis development of Kxiowledge into 
an organ izied aggregate of direct and indirecthleductions 
from the Persistence of Force can be achieved only in the 
remote future ; and, indeed, cannot be completely achieved 
even then. Scientific progress is progress in that equili- 
bration of thought and things which we saw is going on, 
and must continue to go on, but which cannot arrive at 
perfection in any finite period. Still, though Science can 
never bo entirely reduced to this form, and though only at 
afar distant time can it be brought nearly to this form, 
much may even now be done in the way of approximation. 

Of course, what may now be done can be done but very 
imperfectly by any single individual. No one can possess 
that encyclopedic information required for rightly organ- 
ming even the truths already estalilished. Nevertheless, 
as progress is effected by increments— as all organij^ation, 
beginning in faint and blurred outlines, is completed by 
successive modifications and additions, advantage may ac- 
crue from ail attempt, however rude, to redhee the facts 
now aecumulatad— or rather certain classes of them— to 
something like co-ordination. Such must be the plea for 
the several volumes which are to succeed this; dealing 
with the respective divisions of what we distinguished at 
the outset as Special Philosophy. 
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§ 194. A few closing words must be said, concerning 
the general bearings of the doctrines that are now to be 
further developed. Before proceeding to interpret the 
detailed phenomena of Life, and Mind, and Society, in 
terms of Matter, Motion, and Force, the reader must be re-^ 
minded in what sense the interpretations are to be accepted. 

It is true that their purely relative character has been 
repeatedly insisted upon ; but the liability to misinterpre- 
tation is so great that,, notwithstanding all evidence to the 
contrary, there will probably have arisen, in not a few 
minds, the conviction that the solutions which have been 
given, along with those to be derived from them, are essen- 
tially materialistic. Having, throughout life, constantly 
heard the charge of materialism made against those who 
ascribed the more involved phenomena to agencies like those 
which produce the simplest phenomena, most persons have 
acquired repugnance to such modes of interpretation; and 
the universal application of them, even though it is 
premised that the solutions they give can be but relative, 
will probably rouse more or less of the habitual feeling. 
Such an attitude of mind, however, is significant, not so 
much of a reverence for the Unknown Cause, as of an ir- 
reverence for those familiar forms in which the Unknown 
Cause is manifested to us. Men who have not risen above 
that vulgar conception which unites with Matter the con- 
temptuous epithets ‘‘ gross” and “ brute,” may naturally feel 
dismay at the proposal to reduce the phenomena of Life, 
of Mind, and of Society, to a level with those which they 
think so degraded. But whoever remembers that the forms 
of existence which the uncultivated speak of with so much 
scorn are shown by the man of science to be the more 
marvellous in their attributes the more they are investi- 
gated, and are also proved to be in their ultimate natures 
absolutely incomprehensible — as absolutely incomprehen- 
sible as sensation, or the conscious something which per- 
ceives it— whoever clearly recognizes this truth will see 
that the course proposed does not imply a degradation of 
the so-called higher, but an elevation of the so-called lower. 
Perceiving, as he will, that the Materialist and Spiritualist 
controversy is a mere war of words, in which the disputants 
are^ equally absurd — ^each thinking he understands that 
which it is impossible for any man to understand— he will 
perceive how utterly groundless is the fear referred to. 
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Being fully convinced tliat whatever nomenclature is used 
the ultimate mystery must remain the same, he will be as 
ready to fonniilate all phenomena in terms of Matter, Mo- 
tion, and Force, as in any other terms; and will rather 
indeed anticipate, that only in a doctrine which recognizes 
the llnknown (Jauso as co-extensive with all orders of 
j)hGn()meiia can there be a consistent Eeligion or a consist- . 
ent Philosophy. 

Though it is impossible to prevent misrepresentations, 
especially when tlie questions involved are of a kind that 
excite so much animus, yet to guard against them as far as 
may be, it will be well to make a succinct and emphatic 
ro-statement of the Philosophico-Eeligious doctrine which 
pervades the foregoing pages. Over and over again it has 
been shown in various ways that the deepest truths we can 
reach are simply statements of the widest uniformities in 
our experience of the relations of matter, motion, and 
force; and that Matter, Motion, and Force are but symbols 
of the A Power of which the nature 

remains forever inconceivahle, and to which no limits in 
Time or Space can be imagined, works in^ us certain effects. 
These clfeots have certain likenesses of kind, the most gen- 
eral of wliicli we class together under the names of Matter, 
.Motion, and Force; and between these effects there are 
likenesses of connection, the most constant of which we 
class as laws of the highest certainty. Analysis reduces 
the several kinds of effect to one kind of effect; and these 
several kinds of uniformity to one kind of uniformity. 
And the highest achievement of Science is the interpre- 
tation of all orders of phenomena, as differently conditioned 
manifestations of this one kind of effnct, under difl'erently 
conditioned modes of this one kind of imiformity. But 
wlien Science has done this, it has done nothing more than 
systematize our experience; and has in no degree extended 
tlie limits of our experience. Wo can say no more than 
bed’ore, whetlier the uniformities are as absolutely necessary, 
as tluiy liavo becjome to our thouglit relatively necessary. 
The utmost possibility for us is an interpretation of the 
proeosB of th/ings as it presents itself to our limited con- 
sciouBnesB; but how this process is related to the actual 
process we are luiabla to conceive, much less to know- 
' Similarly, it must be remembered, that while tlie connection 
between the phenomenal order and the ontological order is 
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forever ■ inscrutable, bo is 'tlie coni;ieci.ion 1)(3tW(30ii the coii- 
ditionecl forms of being and the iiiKK>iidit^ii>nc3d ff)r in of ho- 
ing forever inscrutable, ^.rhe interpretation of all phe- 
nomena in terms of Matter, Motion,, and .Forc'e is notliing 
more than the reduction of our complex symliols of tliouglit 
to 'the simplest symbols; and when the equation bus be(3n 
brought to its lowest terms the symbols reiiiain symbols 
.stilL ' Hence the reasonings contained in tlm foregoing, 
pages alford no support to citlier of the antagonist hy* 
.potheses respoetiiig'the ultimate nature of tilings. Tlieir 
implications are no more materialistic? tlmn they are spir- 
itualistic; and no more spiritualistic tlmn tlnvy rna- 
terialistic. Any argument whi(‘.li is aiqiureuily fnrnislied 
to either hypothesis is .ueMt;ralized by as good an iirgumcnt 
furnislied/ to the otlier. 1,Mie Matcvrialist, seeing it t.o be a 
necessary deduction from the law of (?orr(‘lalion, that \rimt 
exists in coiiseiousnesB iind(U* the for of feeling is trans- 
formable into an equivalent of mcclmnieal mot ion, and liy 
consequence into equivalents of all the other forees which 
matter exhibits, may con8i<ler it thtnatfort? (liunonst^rat.ed 
that the plienomena of consciraisncss are material plat- 
nomona. But tlio Spiritualist, setting emt witli tiie same 
data, may argue with equal cogency that if tho foreits 
displayed by matter are cognizablo only under the eliape of 
those equivalent amounts of conBciousnesB wlucli they pro- 
duce, it is to be inferred that these forces, when existing 
out of consciousness, are of the same intrinsiit imiure as 
when existing in consciousness; and that ho is jusiif!c<l iho 
spiritualistic conception of the external world, us eouHisting 
of sornetlung esBentially identical witli what Wiccall miiicL 
Manifestly, tlio establishment of corriiation and csfiiiva- 
lenca between the forcoB’ of the outer and the inner worlds 
may be usod to assimilate either to tlie other, acetordiug 
as we set out witli one or other 'ternL But he wlio rightly., 
interprets the doctrine containecl in tins work .will see tliat; 
neither of tliese terms '.can be taken as nliiiuatm . I'le wdll 
sect tliat tliougli tlie relation of subjecd* and object renders' 
necessary to ns tliese antitlietiea! ,(‘ 0 }uaq;>t"ionB of and 

'Matter, tlie one is no lessthaii the oi]n‘r to be regare'lod as 
but 'a sign of tho 'Unknown Heality which underlies both. 
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DKAIJNG WITH CERTAIN CRITICISMS. 

Om way of estimating the validity of a critic’s judgments is 
that of studying ,lus mental peculiarities as generally displayed. 
If he betrays idiosyncrasies of thought in his writings at large 
it may he inferred tliat these idiosyncrasies pOKSsibiy, if not 
prohal^ly, give a cliaracter to the verdicts he passes upon the 
productioiiH of otliers. I am led to make this reunark by consid- 
ering the proi)al>le connection betwecm Professor Tait’s habit of 
mind as othcirwise sliown, and as shown in the opinion he has 
tacitly exj)ressed respecting the formula of Evolution. 

Daily carrying on experimental researches, Professor Tait is 
proftmndly impressed with the sui:>reme value of the experi- 
mental method; and lias reached the conviction that by it 
alone can any pliysical knowledge be gained. Though he calls 
the ultimate truths of physics “axioiiis,” yet, not very consist- 
ently, lie alleges that only by oliservation and experiment can 
these “axioms” bo known as such. Passing over tins incon- 
sistency, however, we have here to note the implied proposition 
that, where no observation or experiment is possible, no physical 
truth can be established ; and, indeed, that in the absence of 
any possibility of experiment or observation there is no basis 
for any physical at all Now “The Unseen Universe,” a 

work written by him in conjunction with Professor Balfour- 
Stewa,rt, contains an elaborate argument concerning the rela- 
tions between the universe wluch is visible to us and an invisi- 
ble Universe. This argument carried on in pursuance of 
T)liysicMl laws establislied by converse with the Universe w^e 
know, <‘xt(‘nds tliem to the Universe we do not know — the law 
of the (.-onservation of Energy, for example, being regarded as 
e<)iiimoii to tile two, and the principle of (kmtinuity, which is 
ira(*ed among perceptil>le phenomena, being assumed to hold 
liktiwise of imper(M^|)tible. On tlie strength of these reason - 
in gH, (M>n<:jhi.si<>nH are drawn which are considered as at least 
probable; Hui)|)ort is found for certain theological beliefs. 
Now, (:.*h'»arly, the relation ■ between the seen and the unseen'. 
Universes cannot l)e the '.subject of any. observation or : ex'pexi-'.. 
.ment; giii(?o by tlm definition of it one term,. of the relation '■■m 
absent. .If we have, then, no warraxxt for ..asserting' a physical 
axiom 'save a's a .generalissation of results of , experiments*— if, 
consecpicntly, whero no observation or experiment is possible, 
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reasoning after physical methods can have no place ; then there 
can be no basis for any conclusion respecting the physical rela- 
tions of the seen and the unseen Universes. Not so, however, 
concludes Professor Tait. He thinhs that while no vandity can 
be claimed for our judgments respecting perceived forces, save 
as experimentally justified, some validity can bo claimed for 
our judgments respecting unperceived forces, where no experi- 
mental justification is possible. . ^ ^ ^ 1 

The peculiarity thus exhibited in Professor ^ Tait s general 
thinking is exhibited also in some of his thinking on those 
special topics with which he is directly concerned as a professor 
of physics. An instance was given by Professor Clerk-Maxwell 
when reviewing, in Nature, for July 3, 1879, the new edition 
(1879) of Thomson andTait’s “Treatise on Natural Philosophy. 
Professor Clerk-Maxw^ell writes : 

Again at p. 222, the capacity of the student is called upon to accept the 

^^^^Stfrhas^S^hinate power of resisting external influences, so that 
body, as far as it can, remains at rest or moves uniformly m a stiaight hne. 

Is it a fact that ^‘matter” has any power, either innate oracquned, of re- 
sisting external influences? 

And to Professor Clerk -Maxwell’s question thus pu^, the answer 
of one not having a like mental peculiarity with Professor lait 

must surely be— No. - m 

But the most remarkable example of Professor Tait s mode of 
thought, as exhibited in his own department, is contained m a 
lecture which he gave at Glasgow when the British Association 
last met there (see Nature, September 21, 1876) a lectuie given 
for thepurpose of dispelling certain erroneous conceptionspf force 
commonly entertained. Asking how the word force is to be 
correctly used,” he says : 

‘‘Here we cannot but consult Newton. The sense in which he uses tji© word 
‘force.’ and therefore the sense in which we must continue to use it if we 
desire to avoid intellectual confusion, will 

sideration of his simple statement of the laws or motion. The first of these 
laws is: Every body continues in its state of rest or of uniform motion in a 
straight line., except in so far as it is compelled by impressed forces to charige 
that state ” 


Thus Professor Tait quotes, and fully approves, that conception 
of force which regards it as something which changes the state 
of a body. Later on in the course of his lecture, after variously 
setting forth his views of how force is rightly to be conceived, 
he says, “Force is the rate at which an agent does work per 
unit of length.” Now let us compare these two definitions of 
force. It is first, on the authority of Newton, emphatically in- 
dorsed, said to be that which changes the state of a body. Then 
it is said to be the rate at which an agent does work (doing 
work being equivalent to changing a body’s state) . In the one 
case, therefore, force itself is the agent which does the work or 
changes the state ; in the other case force is the I’ate at which 
some other agent does the work or changes^ the state. How are 
these statements to be ireconciled? Otherwise put, the difficulty 
stands thus : force is that which changes the state of a body ; 
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force is a rate, and a rate is a relation (as between time and 
distance, interest and ca|>ital) ; therefore a relation changes the 
state of a body. A relation is no longer a neams among phe- 
nomena, hut becomes a producer of phenoniena. Whether Pro- 
feasor Tait succeeded in dispelling ‘'the wide- spread ignorance 
as to some of tlie most important elementary principles of phys- 
ics” — wliether his audience went away with clear ideas of the 
‘‘much -abused and misunderstood term” force, the report does 
not tell .us. 

Let us pass now from these illustrations of Professor 'Tait’s 
judgment as esdiibited in his special department to the consid- 
eration of his judgment on a wider question here before us— • 
the formula of Evolution. In Wato’c ‘ for July 17, 1879, while 
reviewing Bir Edmund Beckett’s “Origin of the Laws of Nat- 
ure,” and praising it, he says of the author ; 

‘ ‘He follows in fact in Jtis own way. tho hinfc given by a great mathematician 
(Klrknian). who made tho following exquisite translation of a well-known 
cloihntion: l{J\'olution is a change from an indefinite, incoherent, homogene- 
ity to a definite, colierent heterogeneity, through continuous differentiations 
and integrations. 

“ri'roa«h/i/oa intf) pfain JSngliHh. 1 Evolution is a change from a iiohowish. 
imtalkabou table, all-ali kencss, to a sornehowish and in-general-talkaboutable 
not-all-alikenesB by continuous somctlungelseiflcations. and sticktogethera ■ 
tiona.'”, ' 

Professor Tait, proceeding then to quote from Sir Edmund 
Beckett’s book' passages, in 'which, 'as he thinks, there, is' a kin- :, 
dred tearing off of disguises from the esepressions used by other 
authors, winds up by saying : “When the purposely vague 
statements of the materialists and agnostics are thus stripped of 
the tinsel of high-flown and uninteiligible language, the eye of 
the thoughtless who have accepted them on authority (!) are 
at last opened, and they are ready to exclaim with Titania, 

* Methinks I was enamoured of an ass, ’ ’V And that Mr.Kirkman 
similarly believes that his travesty proves the formula of Evolu- 
tion to be meaningless is shown by the sentence which follows 
it — “Gan any man show that my translation is unfair? ” 

One would have thought that Mr.Kirkman and Professor 
Tait, however narrowly they limited themselves to their special 
lines of inquiry, could hardly have avoided observing that in 
proportion as scientific terms express wider generalities they 
ne<.d‘ssarily lose that vividness of suggestion which words of 
concrete mea.nings liavo, and therefore, to the uninitiated, seem 
vague, or even (nnpty. If Professor Tait enunciated to a rustic 
the pliysical axiom, “Action and reaction are equal and oppo- 
site,” tlie rustic might not improbably fail to form any corre- 
spondiiig idea; and he might, if his self-confidence were akin 
to that of Mr. Kirkman, conclude that where he saw no meaning 

'’'A crmschHiiiotw crltltnisually consults the latest edition of the work be 
criticlHcs, so tliat tiic author may have the benefit of any corn^etions or alter- 
ations he lias made. Apparently Mr Kirkman does not think such a pre- 
caution ne«‘dfui, Publishing in 1870 his “Xqulosophy with Assumptions” 
from which the above passage is taken, he (piotcs from the first editions of 
“First Frincitiles” pnlmshod in 180:3; though in the edition of 18(57, and all sub- 
sequent ones, the definition is, in expression, considerably modified— two of 
the leading words being no longer used. 
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therf! could bo no ineanmpf. Further, if after the axiom bad 
boon brought partially within bis comprchwision by an (‘xamplo 
ho wore in' laugh a, t the learned words iisisl, anil i»ropose to say 
instead, “ Slioving and back shoving an' one as strong as tlie 
other," it would possibly be held liy Professor but that tlda 
way of putting it is liardly satisfactory. If he thought it worth 
while to enlighten the rustic, he might perhatis point out to him 
that his statement did not incluile all tiio facts-- that not only 
shoving and hack-shoving, hut also pulling and hack-iHilling. 
are one as strong as the otlior SupiKising the rustic were not 
too conceited, lie 'might eventually be taught that tlw al.stract, 
and told m seemingly vague, formuki, “Action and reaction Jiro 
eiiual and opposite,” was cliosen bocanse liy no words of a more 
specific kind could bo expressed the truth in its entirety Pro- 
fessor Tait, however, and Mr.Kirkman, tliough the physieal 
and mathematical terms they daily employ are so iiiglily ate 
stract aa to prove meaninjxk^sa to tiioae wlio tiri tain i liar with 
the eoBcrete facts covt?re<l by^tlieiii,^ seem not to iiav(.‘ 
any ginan’al inference from this haldtnal <‘xj)erierK:e For hiid 
they done ao they mnafc have t)wn awnm tluit a formula^ express- 
ing all order of diangea in their general conrso- astronomie, 

geologic, liiologic, psychologic, sociologic-' coulii not iKissildy 
be framed in any other Hum words of the liighesi idiHinudness. 
J?erhaps there may (x:>riie. the rejoinder tluit they do not belie? ve 
any Biuih universal feuanula is possible. IViiiaps they %vill say 
tliat the on going of tilings as shown in <inr phimdary system 
has nothing in common witli tlie. on -going of things wld^-Ii has 
brought the Eartli’s crust' to -itw |'u*esent Hta.te, an<l tbnt tliis lias 
nothmg in common with on-going of tilings which tlie 
growths and actions of living bodies show us. altliongh, con- 
sidering that the laws of molar motion and the laws of inolemo 
lar action are prove(l ' to' hold true of. tliem all,' it rei|iiires 
consicl(jrahI(5 courage to assert tlia,t the nuHles of (xioperiition of 
the physieal forces in tliesiJ s(‘ven.il regions of pluuuaiiena pro 
sent .no traits in common Bnt imless th(:‘y alb'gr? tliat tliere is 
one law for tlie redistrihutioa of matter and inotion in the 
lieavens, and another la, w for the retlistriluiiion c.if matter and 
motion in thcFartli’s inorganic masses, and aiu»ihf‘r law for its 
o„rganic masscB— unless th.<.'y assf^rt tliut the transformation 
everywhere in progress follows' hvm one inetliod an(,l then?: im- 
other, tliey .must admit that tla:?! pro|.M>8it,ion whiidi (»xprimKes 
'the generalCDurse of the transfcirmatirm can.do' it only In 
remote in tluvaxtremest diigreo froru words suggesting definite 
objects and ^ ' t- j '' 

After noting the unconBcmuHn(?ss thus lw:*tniyi?«l J.iy Mr. Iiirlc- 
maii a'ud Professor Tait, that the ex|:>n"»S8ion of li'igfdy iihstrm^t 
triitlm ne<x::?Bsitatcs hi'ghl-y ubstriict wrirds, we may go cm to note 
a si’arccdy less remarkable anomaly c.'if thougl'it bIk'iwii by thmn. 
M,r. Kirkman atipears to think, ant'l 'Pn',ifeHH<,a* Tait appariadly 
agrees with him in thinking, that, wlaai caie of ' thcHci i,.d»stract 
words coincil from <l.n'*ek or I.^atin rcjots is tnmsfor.meci into an 
uti(,,x)'tithdookii'ig combi rii'itii'ai of e(.|uivE!i:»nts '<'if Haxon* or rather 
old English, origin, 'what they regard as its .migleading glamour 
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is tbproby dissipated and its meaninglessness made manifest. 
We may conveniently observe the nature of Mr. Eirkrnan’s 
belief by listening to an imaginary addition to that address 
before the Literary and Philosophical Society of Liverpool, in 
■wlncii he first set forth the leading ideas of his volume ; and 
we may fitly, in this imaginary addition, adopt the manner in 
which he delights. 

“Observe, gentlemen,” wo may suppose him saying, “I have 
here the yolk of an egg. The evolutionists, using their jargon, 
say that one of its characters is ‘ homogeneity V and if you do 
not examine your tlioiights perhaps you may think that the 
word conveys some idea. But now, if I translate it into plain 
English, and say that one of the characters of this yolk is ‘all- 
alikeness, ’ you at once perceive how nonsensical is their state- 
ment. You see that the substance of the yolk is not all-alike, 
and that therefore all-alikeness cannot be one of its attributes. 
Similarly with the other pretentious term, ‘heterogeneity, ' 
whicli, according to them, describes the state things are brought 
to by what they call evolution. It is mere empty sound, as is 
manifest if I do but transform it as I did the other, and say 
instead ‘not-all-alikeness. V For, on showing you this chick 
into wliich the yolk of the egg turns, you will see that ‘not- all- 
alikoness^ is a cliaracter which cannot be claimed for it. How 
can any one say tliat tlie parts of the chick are not-all-alike? 
Again, in their blatant language we are told that evolution Is 
carried on by continuous ‘different iations;’ and they would 
have us believe that this word expresses some fact.^ But if we 
put instead of it ‘somethingelseifications’ the delusion they try 
to practise on us becomes clear. How can they say that while 
the parts have been forming themselves the heart has been be- 
coming souietliing else than the stomach, and tlie leg something 
else tlian the wing, and the Ixead something else than the tail? 
The like manifestly happens when for ’integrations’ we read 
x^sticktogetherations, ’ What sense the term^ might seenr to 
have becomes obvious nonsense when the substituted word is 
used ; for nobody dareis assert that the parts of the chick stick 
togetlier, any more than do the parts of the yolk. M iieed 
hardly show you that now when I take a portion of the yolk 
b(^tvv’^(*en my fingers and pull, and now when I take? any part of 
the ciiick, as the leg, and pull, the first resists just as much as 
the last— the last does not stick together any more than the first ; 
BO tliat there has been no progress in ‘ sticktogetherations. AM 
thus, gentleinen, you perceive that these big words which, to 
tile disgrace of the Royal Society, appear even in jiapers puh- 
lisluHl by it, are mere empty bladders, which these ^would-be 
idiilosopiiers use to buoy up their ridiculous doctrines.”^ ^ 
Tliere is a further cuTious mental trait cxhibited liy Mr.K-irk- 
man, ami which Professor Tait appears to have in comxnoii 
with him. Very truly it has been retnarked that there is a 
great (U If cronce lietween d isclosing the ^absurdities contained m 
a thing and piling absurdities it ; and a remark to he 

addeii is that Bomc minds appear incapable of distinguishing 
between intrinsic absurdity ana extrinsic absurdity. Ihe case 
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before Its illxisto-tes this rema,rk, and at the same time filtows ns 
how analytical faculties of one kind may he cronstantly (.‘xer- 
cised witiiout streng’tliening analytical fatnilties of anotlicr kind 
—how mathematical analysis may be da,ily practised without 
any skill in psychological analysis being ac(|ui:red. For if these 
gentlemen had analyzed their own thouglits to any purpoee 
they would have known that incongruous juxfeipositioiis luay, 
by association of ideas, suggest charac;ters that do not at all 
belong to the things juxtaposed. Did Mx. Kirkman ever olxserve 
the result of putting a bonnet on a nude statue? If lie ever did, 

, and if he theji reasoned after the manner exeinpllfied alM)V(\ he 
doubtless concluded that the obscme etfect h(,*lc)nge<l intrinsically 
to the statue, and only required the a<ldition of tlm Ixuinct to 
make it conspicuous. Tlie alternative ctonclusion, liowevi»i\ 
which perhaps most will draw, is that not in the fitattu^ 
was there anything of an obscene suggestion, but that tins (dfccd; 
was purely adventitious. The bonnet, (;anncct(:*d in daily <cN:p(‘- 
rience with living women, calling np tlie thought of Ji living 
wnman, with the head dressed, but otherwisti naked. Similarly 
though, by clothing an idea in words whicli excite a fc'cUng (>f 
the ludicrous by their oddity, any one may assofuat.e this foil- 
ing of the ludicrous with the idea itself, yc^t he does not thoreliy 
make the idea ludici’ous ; and if he thinks he d<K.»s, shows 
that he has not practised introspection to much purpose. 

By way of a lesson in mental disci]>Iine it maiy I)o not ttniri- 
structive here to note a curious kinship of opinion lx ‘tween 
these two mathematicians and two litterateurs. i\t first sight 
it appears strange that men whose lives are passed in studiew so 
absolutely scientific as those which Professor Tait and Mr. Kirk- 
man pursue should, in their judgments on the formula of evo- 
lution, be at one with two men of exclusively literary calture-— 
a North American Reviewer and Mr. Matthew Arnold. In the 
North American Review, vol. 120, page 202, a critii!, after quot- 
ing the formula of Evolution, says: '‘This may bo all true, but 
it seems at best rather the blank form for a umvors<i titan any- 
thing corresponding to tlie actual world alioutus.’^ On whidi 
tlie CO inment rn ay be that one who had studied celestial me- 
chanics as much as the reviiwvcu* has studicMl tlio g<*n<a'al omirso 
of transformations might similarly liavercmarlasl that tlie for- 
mula, 'VBod;ies attract <mo another <li redly as maHH<‘H and 

inversely as .tlie squares .of their d.istanccs, wa,sat bc*Ht but a 
blank forin for solar systems and Bideroal clusters. With this 
parenthetical comment I pass to the fatjt above liintrixl, tbat Mr, 
MattheW' Arnold obviously' coincides with tlie reviewer’s esti- 
mate of the formula. In Chapter V, of liis work, '*Ood and 
the Bible, ” when preparing tlie way for a criticism on Clerman 
theologians as losing themselvcB in'Word.s, h(Mjuote.s a saying 
from Homer. This he -introduces by remarking that it *Ms.iiot 
at all a grand one. We are almost asiiameil to r|noto it to 
readers who inay.have come fresli from the hist niiiulier 'of the 
North Am£ri(xm Renew, and from i-.lio great Htnitencci there 
qiiohMi as .summing iq) Mr. Ilerbert Spencer’s theory of 'evolii- 
,tion — ‘Evolution is, etc. ^ ' Homer’s poor little saying comes not' 
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in mch formidable shape. It is only this : / Wide is the range 
of words ! words may make tins way or that way. ’ ” And then ho 
proceeds with his reflections upon German logomachies. All 
of whicli makes it manifest that, going out of his Avay, as he 
does, to qmke this formula from the North American Eemew, 
he intends ®itly to indicate his agreement in the iwiewer’s 
estimate of it. , ' , ' 

That these two men of letters, like the tw’-o mathematicians, 
are unable to frame ideas answering to the words in which 
evolution at large is expressed, seems manifest. In all four the 
verbal symbols used call up either no images, or images of the 
vaguest kinds, whicli, grouped together, form but the most 
sluidowy thoughts. If, now, ask what is the common trait 

in the education and pursuits of all four, we see it to be lack 
of familiarity with those complex processes of change which 
the concrete sciences bring before us. The men of letters, in 
their early days dieted on grammars and lexicons, and in their 
later days occupied with res, Biography, and a History 

made up mainly of personalities, are by their education and 
course of life left almost without scientific ideas of a definite kind. 
Tlio universality of physical causation, the interpretation of all 
things in terms of a never-ceasing redistribution of matter and 
motion, is naturally to them an idea utterly alien. The mathe- 
matician, too, and the matliomatical physicist, occupied exclu- 
sively with the phenomena of number, sjiace, and time, or, in 
dealing with forces, dealing with them in the abstract, carry 
on their researches in such ways as may, and often do, leave 
tlKjm quite ixnconscious of the traits exhibited by the general 
transformations which things, individually and in their totality, 
undergo. In a chapter on “Discipline,” in the “Study of Soci- 
ology,” I have cojnmented upon the uses of the several^ groups 
of Sciences— Abstract, Abstract- Goncrete, and Concrete— in culti- 
vating dift’erent powers of mind; and have argued that while 
for complete preparation tlie discipline of each group of sciences 
is indispensable, the discipline of any one group alone, or ^ any 
two groups, leaves certain defects of judgment. Especially have 
X contKisted tlie analytical habit of thought which study of the 
Abstra-ct and Abstract- Concrete Sciences produces, with thesyn- 
thiit-ical habit of thought produc(;^d by study of the Concrete 
ScaeiHjes, Ami I liave exemplified the defects of judgment to 
'wliicli tlie ana.lytic;il habit unqualified by tlie synthetica,! habit 
lernks. Here we meet with a striking illustration. Btnentific 
culture, of the analytical kind, almost as much as absence (>f 
scientifie. culture, hkives the mind bare of tliose ideas with 
whi<di the (k;)iierete Scicmc(‘S deal. Exclusive familiarity, wuth' 
tlm fomm and factors of phenomena no more fits men for deal- 
ing witli the jhvckiets in their totalities tlian does mere literary 
.study. 

An ob jection made to the formula of orolution by a sympa- 
thetic critic, H'r.TvE.CIiffe Leslie, calls ior notice. Itda urged' 
in a spirit widely dilferent from that displayed by Mr.Kirkman 
and lus applauder, XYofessor Tait ; and it has an apparent justifi- 
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•cation.' Indeed, ''many readers' 'Who before accepted the fomiiila' 
cf/^^olution in full will, .after reading Le8l.ie’8 'com- 

ments, agree with 'him in th'i'nkixig that it is ••to i,)e trikien witl.i 
the qualilications he points out. We shall find, howcniu’, that 
a, clearer apprehension of tlie meanings of the wcj^H'Uscd, and 
a clearer at)prehension of. -the formula' in its tothoty, e-x,cl, tides 
the criticisms Mr. Leslie jnakes. 

In the hrst place lie dissociates' from on^e a'liother those traits 
of 'E'Volution wl'iieh l have associated, and wliiijh I ha've alleged 
to^'be 'drue only when associated. He qviotes me as say •ing tliat 
■a change 'from , the liomogeneous to the heterogiaieouB ciiarac'dar- 
izes all evolution ; and lie puts this at the outset of his criticLsm 
as though' I made tliia change tlie primary cl'iarac?t<:‘rlstic.' ■ 
if he will refer to “ITirst Principles,” Fart 11. Chap. 14 (in tlie 
second and subsequent editions) lie will hnd it hIiowu that 
under, its,' primary , aspect Evolution “is. a cliangi* from 'U' 'l(',isa 
coherent form to a more <?oherent form, coiis(H|iient on tlie dis- 
sipation of motion and integration of matter.” The me^t <'ha,p- 
ter contains proofs tliat the change from hoinogfsim'ty to Iiet(*ro* 
geneity m mcondary change, which, wlieu contlitions allow, 
accompanies the change from tlie ineolavront to tlie <‘oh(n‘cmt. 
At the beginning of the chapter after tliat, come tlie sentmuaw, 
“But now, does this generalization express tlio whole truth*/ 
Does it include everything essentially (diaraeterizing Kvolntiou 
and exclude everytliing else , . . A (uititad e-xaniiiiatit^^^ of 
the facts will show tliat it does neither.” And tli(‘ chapter then 
goes on to show that the cliange is from an imkjmite ineofierent 
homogeneity to a definite c<>herent liettinigeneity. Further <fnal 
ifications contained in a succeeding chapter'* bring the formula 
to this /final form, “Evolution is an integration of matter and 
concomitant dissipation of motion, during winch the matter 
passes from an indefinite, incoherent homogeneity to a definite, 
coherent heterogeneity ; and during wliich tlie ridained iiiotion 
undergoes a parallel transform at ioii. ” 

Now, if tliese various traits of the |:iroeoss of hlvcihith^^^a^ 
Jrept simnltaxicously in vimv it will he seen tliat nmst of Blr, 
Ghfie Leslie ’b objections fail to ai>|>ly. He says ■ 

“The movemoTit of Iangua«:e, law, and polit ical and <dvil anion, is for the 
most part in an oppositiMlJroction. In a Knvupvconntry liio^ Afrlm. 
ig in a perpatinil flux, and now diideetH srn'inu: tip wif li <‘voi‘y Kwarnt from thn 
parent Idva Xn tlio civilizoa worltUhtj imilteation of lanKUitgo is rapidly 
proceeding.” ■' • • 

Here two,^difrerent ideas are involved— ilie evolntion of a, Ian- 
,guag 0 considered singly,' 'and the evolutionof ■Im'ig''Ua,gf,'»s enmid* 

' ered as an aggregate. ■ NO'thing winch Ins HayH ^im{,')IieH"tl'ii'it any 
on© 'language beconw* ■' during its evolution, ’li^ss hiderogeiieot'Ui^ 
.,'I(i0 '•<lrsafpearano<3 of dialectH is 'Uot a progre^ss toward ti'UJ 
ho^mogeneity of a ■lan'guagf"s but i.s tlifi final" triumph ,<'!•! one 
var'iety of a lang'imge over .t'he otlier varieties, a.'n.d tlm exti,nc 
^of^ thorn; tlie compiering rjiri'Cty rneanwlri'h'* be('! 0 'm,ii:ig 
'Within itself , 0 : 10 : 1 *© heterogemeons.' This, too, is 'du'‘ pro(',!esB' w,hi'c!i 
Mr.X^eslie refi'irs to, as likely to .end in an extim^^-tion of 'tl'ie Gaitic 
' languages. Advance towanl liomogoueity wO'Uid ■ 'la? show'ja i,! 
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the various languages in Europe, having been previously unlike, 
were, while still existing, to become gradually more like. But 
the supplanting of one by another, or of some by others, no 
more implies any tendency of languages to become alike than 
does the supplanting of species, genera, orders, and classes of 
animals one by another during tlie evolution of life imply the 
tendency of organisms to assimilate in their natures. Even if 
tlie most heterogeneous creature, Man, should overrun the Earth 
and extirpate tlie greater part of its other inhabitants, it would 
not imply any tchidency toward homogeneity in the proper 
sense. It would remain true that organisms tend perpetually 
to wa-rd heterogeneity, individually and as an assemblage. Of 
course if alMnnds but one were desti'oyed they could no longer 
display this tendency. Disxday of it would be limited to the 
remaining kind, which would continue as now to show it in 
tlie formation of local varieties, becoming gradually more di- 
vergent; and the like is true of languages. 

In tlie next case Mr. Leslie identifies progressing unification 
with advance toward homogeneity. His %vords are ; 

‘ ‘Already Europe lias nearly consolidateclitself into a Heptarchy, the number 
of states int<> which land itself was once divided; and the result of the 
Arnt*rican War ex(uni>litles the xirevalonce of the forces tending to homogene- 
ity over those tending to heterogeneity. ” 

To this the reply is tliat these cases exemplify I'ather the preva- 
lence of the forces which change the incoherent into the cohe- 
rent, which effects integration. That is, they exemplify Evolu- 
tion under its primary aspect. In the ^‘Principles of Sociology, ’’ 
Part II. Chap. S, Mr. Leslie will find numerous kindred cases 
brought in illustration of this law of Evolution. To which add 
that such integrations bring after tliem greater heterogeneity, 
not greater liohiogemuty. The divisions of the Heptarchy were 
societies substantially like one another in their structures and 
activities : but the parts of the nation which correspond to them 
have been differentiated into parts carrying on vatieties of oc- 
cupations with entailed imlikeness of structures— here purely 
agricultural, there manufacturing ; here predominantly given 
to coal mining and iron smelting, there to weaving ; here dis- 
tinguished by scattered villages, there by clusters of large towns. 

Again, it is alkged that ah increasing homogeneity is shown 
in fashion. “Once eveiy rank, profession, and district had a 
distinctive garb ; now all such distinctions, save with the priest 
and the soldier, have almost disappeared among men.” But 
whil(‘, for a reason to bo presently pointed out, there has oc- 
curred achaiigo which lias aliolished one order of differences, 
dilfen^nces of anotlier order, far more multitudinous, have 
ari.sen. . Notlring' is more striking tlian the extreme heterogene-' ■ „ 
ity of dress at the present day. As Mr. Leslie alleges, the dresses '■ 
'■of those forming eacli class were- once all alike.. NownotwO;,,' 

' dress(:‘B are aliki\ ’ ■ Within the vague limits of the. current fashion , , 
the degree of variety in women’s costumes is infinite ; and even':'' 
men’s' tiostumes, though having average ■ resemblances,' ■diverge 
from one another in colors, materials, and detailed forms m 
'.''.innumerable ways. ' 
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Other instances given by Mr; Leslie concern the organizations 
for carrying on production and distribution. He argues that 

^ constant movement toward a 
differenpation of employments and functions appeared; now some marked 
tmidencies to their amalffamati^ have be^^un to disclose themselves. Joint 
Stock Companies have aiinost effaced all real division of labor in the wide re- 
gion of trade within their operation, ” 

Here, as before, Mr. Leslie represents amalgamation as equivalent 
to increase of homogeneity ; whereas amalgamation is but an- 
other name for integration, which is the primary process in 
evolution.and which may, and does, go along with increasing 
heterogeneity in the amalgamated things. It cannot be said 
that a Joint Stock Banking Company, with its proprietory and 
directors in addition to its officers, contains fewer unlike parts 
than does a private Banking establishment. The contraiy must 
be said. A Railway Company has far more numerous function- 
aries, with different duties, than had the one, or the many, 
coaching establishments it replaced. And tlien, apart from the 
fact that the larger aggi’egate of co-operators who, as a Company, 
carry on, say, a process of manufacture, is more complex as well 
as more expensive, there is the fact, here chiefly to "be noted 
that the entire assemblage of industrial structures is, by the 
addition of these new structures, made more heterogeneous titan 
before. Had all the smaller manufacturing estalilisliments car- 
ried on by individuals or firms been destroyed, the contrary 
might have been alleged; but, as it is, we see that in addition 
to all the old forms there have come these new forms, making 
^e totality of them more multiform than before. Mr. Leslie 
turther illustrates his interpretation by saying ; 

for sale in a village huckster’s shop were fomierlv the 
subo^ts of distent^ranches of business in a large town ; now the wkr?B in 
which ^scores of different retailers dealt are all to be had in^eat eltebllsS 
ments in New York, Pans, and London, which sometimes buy direct from the 
producers, thus also eliminating the wholesale dealer. ’ ’ ^ ^ 

Replies akin to the preceding ones are readily made. The first 
IS that wholesale dealei-s have not been at present eliminated 
cannot be so long as the ordinary shopkeepers survive as 
they will certainly do. In the smaller places, forming the great 
places, these vast establishments cannot exist • and 
in them shopkeepers carrying on business as at present will 
continue to necessitate wholesale dealers. Even in large places 
the same thing vvill hold. It is only people of a ceS class 
able to pay ready money and willing to go great distances to 
pm chase, who frequent these large establishments Those who 
hand to mouth, and those who prefer to buy at adia- 

wholeiX^^diTtww^^*^ proportion of shops and the 

^ f orgMization needed for them Again, 

lev’s as White- 

4.^ ^ ? phoolbied s, does not within itself display any advance 
toward homogeneity or de-speeialization ; for it is rnade up of 
many separate departments, with their separate heads, carrying on 
separate— all superintended by one owner. 

It is nothing but an aggregate of shops under one roof, instead 
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of under the many roofs covering the aide of a street ; and ex- 
hibits just as mncJi heterogeneity as the sliops do when arranged 
in line instead of massed together. That wliicli it really illus- 
trates IS a new form of integration, which is the primary evo- 
lutionary process. And tiien, lastly, comes the fact that tlie 
distributing organization of the country, considered as a whole, 
IS the addition of tliese (^stablislirnents made inorei heteroge- 
neous than before. All the old types of trading concerns con- 
tinue to exist ; and here are new types added, making the entire 
assemblage of them more varied. 

From these objections made by Mr. Leslie, which I have 
endeavored to show result from misapprehensions, I xiass to two 
otliers^ which are to be met by taking account of certain com- 
plicating facts liable to be overlooked. Mr. Leslie remarks that 


*‘In the early stages of social progress, again, a dilfercntiation takes place, 
observed, between political and industrial fnnctions, 
which lau to distinct classes; now a man is a rneivliant in the morning and a 
jegmlator at night; in mei'cantile business one year, and the next perhaps 
head of the Navy, like Mr. Goschen or Mr. W. H. Smith.” 


Nothing contained in this volume exjilains tlie seeming anomaly 
liere exeniplilied ; but any one who turns to a diopter in tlie 
second part of the ‘‘Principles of Sociology, ” entitled “Social 
Types and Metamorphoses, ” will there find a clew to the expla- 
nation of it, and will see that it is a phenomenon consequent 
on the progressing dissolution of one type and evolution of 
another. The doctrine of Evolution, currently regarded as re- 
ferring only to the development of species, is erroneously 
supposed to imply some intrinsic proclivity in every specitjs 
toward a higlier form; and similarly a majority of readers 
make the erroneous assumption that tlie transfoianation wlvich 
constitutes Evolution in its wider sense implies an intrinsic 
tendency to go through those changes which the formula of 
Evolution expresses. But all who have fully grasped the argu- 
ment of this work will see that the process of Evolution is not 
necessary, but depends on conditions, and that the prevalence 
of it in the Universe around is consequent on the preva^lence of 
tliese conditions—the frequent occurrence of Dissolution showing 
UB that wliere the conditions are not maintained the reverse 
process is quite as readily gone througli. Bearing in mind tlxis 
truth, we sliall Ijo iirepared to find tha,t the ]>rogresB of ti socvial 
organism toward more hetorogenecms and more de tin ite struct- 
ui‘i*B of a (iertJiin typ<3 eonfinties only as long as tlie actions 
wliicli |)rodii(;e th(‘si% elTects (tontimie, iii play. We shall expect 
that if these act, ions cease the progrt^HHing transformation will 
cease. Wc^ sludl infer that the particular structures whicli have 
bet'vn form('*,d liy th.e ac^tivities (‘arried on will not grow more 
htd;(::U’()gen(:‘ot:js and more detinite, and tha.t if other ■ orders' , of " 
a(jt'iviii(‘s, implying other sets of forces, commence, ' answering 
structure's of another, kind will begin to make 'then* r.appegtrance,' 
te'>, grow mo]‘e he,'teu‘(,>gemaous an<t' dedin it(.\ and to' reiilace the 
first.", "A net it will bcj i'nani,f(,»st that while? tlie transit loir is going 
on— -while tlie first Btructiires are' dissolving and the, se'cond, 
evolving— there must b© a mixture of structures causing appa- 
' Si: 
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rent confusion of traits. Just as during: tlio metamorplioseB of 
an animal which, having during its earlier existence led one 
kind of has to develop structures fitting it for another kind 
of life, there must occur , a blurring of tlie old orgari i^sation 
while the new organization is becoming distiiict, Iwuling to 
transitory anomalies of structure ; so, during the ,nietaiiioi‘|)h<)HeB 
undergone by a society, in which tlie militant activities and 
structures are dwindling while the industrial are growing, tlie 
old and new arrangements must be mingled in a perplexing 
way. On reading the chapter in the '‘Priiiciples of Sociology” 
which I have named, Mr. Leslie will see that tlie above facts 
referred to l)y him are interpretahle as (Consequent on the transi- 
tion from that type of regulative organization proper to milihint 
life, to that type of regulative organization proper to indiiKtrial 
life, and that so long as these two modes of life, titt<crly alien 
in their natures, have to be jointly carried on there will con- 
tinue this jumbling of the regulative systems tliey respcKCtively 
require. 

The second of the objections above rioted as needing to be 
otherwise dealt with than by further explanation of tlie formula 
of evolution, concerns the increase of likeness among develoi>ing 
systems of Civil Law — in proof of whicdi increase of jikeness Mr. 
Leslie quotes Sir Henry Maine to tlie effect tliut “all lawn, how- 
ever dissimilar in their infancy, tend to resembhc each other in 
their maturity”— the implication to whic^h Mr. L(>Hlie draws 
attention being that in respect of their laws societies btMxaue 
not more heterogeneous but more honiogtmeous. Now, thougli 
in their details systems of Law will, I tliink, lie foimd to luapiire 
as they evolve an increasing number of diflereiuses from one 
another, yet in their cardinal traits it is probably true that 
they usually approximate. How far this militates against tlie 
formula of Evolution we shall best see by first considering the 
analogy furnished by animal organisms. -Low down in tiio 
animal kingdom there are simple molluscs with but rudimentary 
nervous systems— a ganglion or two, and a ivw fibres. Div(*rg- 
ing from this low type we have the great sub -kingdom consti- 
tuted by the higher Mellusca, and the still greater sid>»kingdom 
constituted by tlie Vertebrata. As these tw'o types es'olve tlioir 
nervous systems develop, and tliough in tlie lughest niemlierB of 
the two they remain otherwise unlike, yet they appro.xiniate in 
so far that each acquires great nervous centres. Tlie> large 
ceplialopods have clustered' ganglia wliich simulate Imiiim. 
Compare, again, the Mollusca and the Articula-ta in respect of 
•their vascular. systems. .B’undamen tally unllkii as these are" 
originally, and remaining unlike as they do throughout many 
successive' stages of ascent in ' these two sub- kingdoms,, they 
nevertlieless are made similar in -the liigliest forms' of lioth by*^" 
each haying a .centml propelling organ— a heart. Now, in 
these and in some cases which' the extfu’iial organs furnisli, sucli 
as the reniarkaliks res(nnI:)laiK*es Ev()Iiiti(>n lias prod luifxl between 
the eyes of the liighest^lMollusca.ana those of the Vertebmta, it 
•may be said, that there is implied a change toward . homogeneity, 
JNO zoologist, however, would admit that these facts really con- 
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ilict with the general law of organic Evolution. ^ Ab already 
ex})Iaine(h tht) tendency to progress from liomogeneity to hetero- 
gent^ity is not intrinsic Imt extrinsic. BtructnreB become 
hniike in consequence of unlike exposures to incident forces. 
This is so with organisins as wholes, which, as tliey multiply 
and sprea,d, are ever falling into new sets of conditions ; and it 
is so with tins parts of eacli organism. These pass from primi- 
tive likeness into unlikeness, as fast as tlie mode of life places 
them in ditrerent relations to actions— primarily external, and 
secondarily inieiiial; and witli eacli successive change in mode 
of life new iinlikenesses are sux)erposed. One of the implica- 
tions is that if in organisms otlierwise different there arise like 
sets of conditions, to“wluch certain jairts are subject, sucJi parts 
will tend toward likeness; and this is what happens with their 
nervous and vascuilar systems. Duly to co-oixlihate the actions 
of all parts of an active organism there requires a controlling 
apparatus, and the conditions to be fuliilled for perfect co-ordi- 
nation a.re conditions common to all active organisms. Hence, 
in px*oportion as fulfilment approaches comi)letene8S in the 
higlieat organisms, however otherwise unlike their tyx^es are, 
this apparatus acquires in all of tliem certain common characters 
—especially extreme centralization. Similarly 'with the ap][)a- 
ratuH f(>r distributing niUrinieji^^ The relatively high activity 
accompanying Kuperior organization inudies great -yvaiste ; great 
waste impli<^s active circulation of blood ; active circulation of 
blood imjdies efficient propulsion ; so that a heart becomes a 
common ncxxl for highly evolved cr(‘atures, however otherwise 
unlike their HtnictureH' may be. Thnsds it too with societies. 
As they evolve there ^ arise certain conditions to be fulfflled for 
the maintenaiuse of social life, and in proportion as the social 
life becomes high these conditions need to be more effectually 
fulfilled. A legal code expresses one set of these conditions. It 
formulates certain regulati ve principles to which the conduct of 
citizens must conform that social activities may be harmoni- 
ously carried on. And these regulative principles bemg m 
essentials' the same eveiywhere,- it results that systems of Law " 
accpiire certain general similarities as the most developed social 
lif(i is apr)roached. . , 

These si)ecial replies to Mr. Leslie’s olyections are, Iiowover, 
Init introdiufiory to the general reply, whicli would he,^ I tliink, 
adequate evtm i n. ih(*ir absence. Mr. I^eslie’s iiujthod is that of 
taking (hd;;ie1i(‘d grovipB of social plienoiruma, as tlioso of lan- 
<oiage, of fashion, of trade, and arguing (tliough, as I have 
■ought to allow, not effectually) that tladr later transformations 
.'do not I'larmonize with th,e alleged gcmeral law of Evolution. 
'Ihit tlu'i real ('{iu'‘Btion is not wheilier we find advance to a moi’C 
■■d("din"it<^i colier('*'nt lict-erogeneity in 'tlHMHc t;iken separately, l)ut 
wlietlicTwe lind this advance m the sfcrueturcB and actions of 
the entire soedety. Blvmi were it true that the law does not 
hold in c(»rtain 'ordi*rs of ■social proccsscB and products, : it would 
mot follow tl'uit it do(‘B not liold of social processes and products 
■ in their ■ totality. The law' is a' 'law-'-of: the trans'fcirmation of 
aggregates,, and must, bo tested by- the entire assemblages of 
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; plieaomena.whi'cli the aggregates present*' ,■ Omitting societies . ' 
in states of decay and (lissolution, which exhibit the converse 
change, and contemplating only socuc^tit'S wliielt are growing, 

Mr. Leslie will, I think, scarcely allege of any one of them that I 
its strnctares and functions do not, taken altog^dhtw, exhibit i 
increasing heterogeneity. And if instead of taking eneli society i 
as an aggregate, he takes tlie entire aggrega,te of societies which ' 
.theEartli supports, from primitive hordes up to highly ci vilified j 
nations, he will 'scarcely' deny that this entire aggr€*gate lias '1 
been, ' becoming more various in tlie forms of societies itin--' 
eludes, and is still becoming more various. j 

Criticism, would be greatly diminislied i,n, litilk if were '' ' 1 

excluded from it all tl'iat part devoh'id to (Ii8pi1„'>-vi!'"tg Htat<n„nen,ts' ' ! 
'which iiave not been , made.; and' were this'. course purs'{,WM„! the' '■ 'I 
work, “'On.Mr. .Spencer’s, Formula of ' Evcjlution, I'jy Bhilcolm ,,1 
Guthrie, would disappear bodily. It is litth^ else tiian a mis- | 
statement of certaiii fundamental views of mine, and then an | 
elaboratcmx:4utation of the vienvB as niis-steted. I 

Let me hi’st show, by brief extracts from Principles” ; 

.'what these views are. In a chapter on “Ultimate Bc^iemtitic '',,j 
Idejaa, ” after showing Ixow tlm liypcxthesiH thjit nia,it(*r consists I 
of solid atoms commits us to alternative imiiossibilities of j 
thought, I have shown how tlux liyp()thesis (>f lk>s(*ovi(?Ii, tliat j 
matter consista of centres of force witliont i‘Xtension, is un- | 
thinkable. In the course of the arguitiiuit I have point(^ | 

that though Bos(;ovich’B liypothesis <?annot bir realized in | 
thought, yet, on the other hand, tlie liypolhesis of tended | 
atoms , itself implies an imaginaiy sepai,‘al.>leii,c‘ss of c»J!'.u:.*i'i atom'., vl 
into parts, and again of these into parts, and so on without I 
limit until unextended centres of fcirce are reaedmd-- tlie coi^ I 
sciousness of f ox'ce being that wh i ch alone perpetual ly em cu'ges. | 
And I have ended by saying that “Matter then, in its ultimate 
nature, is as absolutely incomprehensihle as Bpace arul '‘rime* ” 

In the second part of the work, in chaptcrH 
Indestructibility of Matter, ” “Th(3 (km tiny ify of Motion,” and 
“The Persistence of Force,” I have at some huigUi (daborated 
the view, that Force is the ultimate compoi'ient (">f th(,aight i.nto ' 
which our conceptions of. external (.r'x.istences are resolvalih^ . " 
Summing up the first of tliese cliaphms I liave said, “Thus, then, 
by the i'udestructibilhy of matter, we r(,‘ally . mc>an tlie inde- ■ 
structibility of the force with which nmtter alfeetH us. ” At tlia 
close of: the second of the.se chapters I have argued tliat “the' 
continuity, of 'motion, as well as tl'ie 'indestru,<d,,ll.'dlit.y of 'matter,., ' '. 
is .really known, to us in terms of /orcc” . . . '“that which, defies ■ 
suppression in thought Js really the force 'wliich the '.mot, ion, 
indicates.” And the'n,Jn tlie thinly cl'iaplf<ir, having show.n ho'W. ■ 
the, truths that matter is indestructible 'and motii'ai continuous'', 
can be known to us- only, as c'!or(,)llari'es :from tlie truth ' tliat fo'rce ',' " 
is persistent— fchat/orce is that “out'Of w.hicl'.i our conception" ", 
of Matte.r a:n;.l JMotion are ' built”— I hav<3 ■ gone o,n ' b.) say that ' ^ 
“by tbe Fe,rsiBtence'of Force we re.ally mean the persis'lence. of ' " 
some Power which transcendH o'lir knowledge? and, concept ion,'” 
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Tlirongboxit all wliicli arguments the implication is that I hold 
Matter and Motion to be conditioned manifestations of this un- 
liiiown Power. Being aware of the perversity of critics, I have, 
in the ‘‘Summary and Conclusion,” again endeavored to bar out 
misinterpretations. Here is one of the sentences it contains . 

“Over and over aj?ain it has been shown in various ways, that the deepest 
trutiis we can reach are sinijdy statements of the widest uniformities in our 
exp<:jrieiK!e of the relations of Matter, Motion, and Force; and that Matter, 
Mr>tion, and Force are but symbols of the Unknown Reality. A Pow'er or 
which the nature remains for ever inconceivable, and to which no limits in 
TiiiKJ or Space can be imagined, works in us certain effects. These effects 
have certain likenesses of kind, the most general of which we class together 
under the names of Matter, Motion, and Force. ^ 

In wliich sentences it is distinctly stated that I have throughout 
regarded Matter under the form present to consciousness as a 
symhol-^*^ certain conditioned effect wrought in us by the Un- 
known !Power ; and I have gone on to say that “the interpretation 
of all phenomena in terms of Matter, Motion, and Force is noth- 
ing more than the reduction of our complex symbols of thouglit 
to the simplest symbols ; and when the equation has been 
brought to its lowest terms the symbols remain symbols still.” 

It will scarcely be believed, and yet it is true, that notwith- 
standing all this Mr. Guthrie ascribes to me the vulgar concep- 
tions of Matter and Motion, argues as though I really think they 
are in themselves what they seem to oiir consciousness, and 
proceeds to criticise my views on this assumption. He ignores 
the conspicuous fact that Matter and Motion are both regarded 
by me as inodes of mcanifestation of Force, and that Force, as we 
are conscious of it when by our own efforts we produce changes, 
is the correlative of that Universal Power which transcends con- 
sciousness. And then he ends the criticisms forming the second 
part of his work by saying, “If this is not materialistic I do 
not know what is!” lie does not do this by inadvertence, 
thouglv there would be little excuse even then ; but he does it 
deliberately and with his eyes open. His next chaptei* begins : 

It will have been observed that in the preceding part of this criticism I 
have employed the term ‘matter in motion’ and have avoided tlio use of the 
word *forc6\ although it appears so prominently in the pages of Mr. Spencer’s 
work. This 1ms mod beem accidental, but by design, imlicatiug as it docs one 
of my main (n'iticisms of Mr. Spencer. 

“ I'(!tin logically take up one of two positions. The first recognizes matter, 
whos<^ propin’ticH are merely those of <‘xtetision, which are capable of being 
dfise.ribed in t<n’ms of georncstry and arithmetic. I can also rc^eognixe as the 
soltJi active proptn*ti<‘B of matter its mod(is and rates of xnotion— the motion, 
that is to say, <.»f ultimate units, atoms, molecules, oi* masses, also capable of 
meaKurcriient. 

“The set jond position recognizes matter and its activity or activities— matter 
as (mdowed with force or forces. ’’ 

Thus it will be observed that, having avowedly dealt with Mat- 
ter, and Motion as inodeB of - Fo,rce, I am “by design” criticised as 
thougli I had not so dealt with them. Having distinctly said 
what I mean by Matter and Motion, I am practically told that 
I shall not mean .that, but^ shall mean what Mr. .Guthrie means ; 
.and shall, -be dealt-with accordingijr. ' . And then, further, it will 
be observed that of the two positions which Mr, Guthrie lays 
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' clown 'as, ':poss'ible.,' and .proceeds ' to argue npoii as alteraaiive, 
one or otlier of winch I iinist accept, l)otli speak of Matter and 
nnits of Matter as though actually existing touler tlie forms 
thought by us ; and the last, speaking of matter as endowed 
with force or forces,” implies that, wheilier in mass or in units, 
Matter is a space-occupying sornetlring whicli is in the one case 
inert and the other case made active by force with wliich it is 
“ endowed” — force which is added to tlie inert soniething. Spite 
of all the pains I have taken to show tliat I regard Matter as 
itself a, localized .manifestation of Force — spite of all tln-^ evidence 
that ot,ir,idea of a' unit of Matter, or atom, is regarded' l)y me 
simply as a symbol which the form of our thouglit oldiges iis to 
use, but which wc cannot suppose answers to tlm rc'ality with- 
out committing oux’selves to alternative iniposailnlities of 
thouglit, I am debited with the belief tliat Matter actually con- 
sists. “ of space-occupying'" amits, lifiving ' shape " and measure- 
ment,” Though I ha, VC repeatedly made it clear that our ideas 
of Mattel^ Motion, and Forc^ are but the a*, y, z, with which 
we worJj: our equations and formulate the various relations 
among plienomena in such way as to express tlieir order in 
terms of x, y, and z — though I have sliown that the real iti<?s for 
which ai, ?/, and stand cannot be concHKivecl liy ns as actually 
existing tlms or thus without comniitting ourselvt^s to alttU'Uaiive 
{disurdities, yet questions are put implying that I nnist hold 
one or other hypothesis concx^rning tliese 'actiial oxiBten(*(*H, and 
I arn su|)pos6d to be involved in all tlie diilictilfcic?s whicdi arise. 

Another work devoted to the refutation of ray views is that 
of Professor BirkB—“ Modern Physical Fatalism and the Doc- 
trine of pjvolution, including an examination of Mr. H Bpcm- 
cer’s First Principles.” Having dealt with the work of Mr. 
Guthrie, I cannot pass by that of Professor B irks without rais- 
ing the suspicion that I find some dilliculty in dealing witli It 
Indeed, I do find a difficulty— a ilifiiculty illustratiHl hy that 
found in disentangling a skoin of silk which has been pulled 
about by a child for lialf an hour. And just as the pathmce of 
a bystander would fail were lie asked to look on until by unrav- 
elling the tangled skein its continuity was provt'd, so would the 
reader’s attention bo exhausted befo,fa I had r(H:4-;ifi(:*d' om,i-tenth 
part of .the meshes and' knots iiito wluch Fnifessor Bi.rks ' has 
twisted my statements. 

^ ^ Abundant warrant .for this assertion is furm'slie<l by the very '.. 
first paragraph succeeding' the one whiiih Froh-isor' Birks 
'announces that lie is about to take First l:h*iiH:ri|,iIe8”' repre- 
sentative uf thO' '“fatalistic' theory.” In tliis ,pa'ragra|.)h .ho' 
represents’ mo as asserting that nltimatc'^ religiotw idi*as are 
“incapable of being conceived.” lie furtluu* says that ultimata 
scientllic ideas are by me “pronounced (sjually im^oriceivablci” 
Now any clear-headed reader who a(‘et‘pte<r Professor Birks’ 
version of my views would be led to <1(‘bit m(‘ with tb<‘ absurd- 
ity of saying that certain '.tilings w}ii(,-,h are put together in': 
eonHciousnes.s fideas) cannot be {.mt togcdl'ier .m consedoUBnosti 
(conceived);. To conceive is to .frame in, thought ;'aud as every 
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idea is framed in thought it is nonsense., to say of any idea that 
it cannot be conceived—nonsonse which I have nowhere uttered. 
My statement is that “Ultimate Scientific Ideas, then, are all 
rei)resentativ(M)f K'tdities that cannot be comprehended and 
tlie like is an(^g(‘d of ultimate religious ideas. The things 
which I say cannot be comprehended or conceived are not the 
ideas, but the beyond consciousness for which the ideas 

in consciousness stand. In Professor Birks’ statement, how- 
ever, inoonceivableness of the realities is transformed into 
inconceivableness of the answering ideas I Further, at the end 
of tins first paragraph which deals with me, I am represented 
as teacdiing that religion “is eqxiivalent to Nescience or Igno- 
rancie alone.” Tins statement is as far removed from the truth 
as tlie otliers. \ I have argued at considerable length and in such 
various ways that I thought it impossible to misunderstand me, 
that tliougli the Power univei'sally manifest to us through phe- 
nomena, alike in tlie surrounding world and in ourselves — the 
Power “in which we live and move and have our being” — is, 
and must ever remain, inscrutable, yet that the existence of 
this Inscanitahlo P<)wer is the most certain of all truths- I have 
contended tliat while to the intellectual consciousness this 
Powet', thougli unknowable in nature, must ever be present as 
existing, it must be to the emotional consciousness an object to 
tlie sentiniont we call religious; since, in substance, if not in 
form, it answers to the ci’eating and sustaining Power toward 
which the religious sentiment is in other cases drawn out. Yet, 
though in the most emphatic way I liave represented this un- 
known and unknowablo Power as the object-matter of religion, 
Professor Birks represents me as saying that tlie unknowable- 
ness of, it is the object- matter of religion ! Though I hold that 
an Ultiiriate Being, known with absolute certainty as existing, 
but of wliose nature we are in ignorance, is the spliere for 
religious feeling, lie says I hold that the ignorance alone is the 
sphere for religious feeling 1 

When in the first sixteen lines specifically treating of my 
’views these three cases occur, it may be imagined wdiat an intri- 
cate plexus of misrepresentations, misunderstandings, and per- 
versions fills tlie three hundred and* odd pages fbrmiug the 
volume. Especially may it he anticipated that the metaphysical 
discussions, occupying five chapters, are so confused that it is 
next to impossible to deal with them. I must limit myself to 
giving a, sam|)le or two from this xiart of the work — one of them 
llivistratiiig Fr()fess<)r Birks’ critical fairness and the other his 
pliik)so|)hic capacity. 

In his cliai>ter oh “The Reality of Matter” he says (page 111) : 
“Tlie sense of reality in things around us, Mi’. Spencer liaS' truly ' 
.said, is one whieirno metaphysical criticisms can ■ shake '' in ■ 
tlie least;” and the rest of the, paragraph is d'evoted to enlarging 
tipon this "pi'oposi.'tion, ' Tlie. .ne'xt paragraph beginS', “/Perma- 
nent possibilities of sensatic.in’ is merely, an ingenious phrase .to, 
■d.isguise and,' conceal a self-contradiction”— sundry' antagonistic 
oriticis.ms upo.n this phrase being, appended. ' 'And then he,' 
opening words of the pai'agraph which succeeds are quoted from 
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“ First Principles. ” Now, since the refutation of my views is 
the aim of the work, and since both the preceding and succeed- 
ing passages specifically refer to my work, and since no other 
name is mentioned, every reader not otherwise better instincted 
will conclude that as a matter of course the phi’ase “ jjernianent 
possibilities of sensation” is mine, and that the criticisms upon 
it tell against me. Even were there evidence that this phrase 
“permanent possibilities of sensation, ” expressed or harmonized 
.with a docti'ine entertained by me ; yet as the phrase is not 
mine the quoting it as mine would have been a literary misde- 
meanor. What then must be said of it when, instead of stand- 
ing for any view of mine, it stands for an opposite view? Mr. 
Mills’ expression, quoted by Professor Birks as though it were 
my expression, belongs to a theory of knowledge entirely at 
variance with that set forth and everywhere implied in “Fii*st 
Principles,” and a theory which, where the occasion was fit, 
I have persistently combated (see “Principles of Psychology,” 
Part VII., “Gleneral Analysis ”). And yet Professor Birks tac* 
itly makes me responsible for the incongruities which result 
from uniting this theory with the opposed theory. 

From this sample of critical truthfulness let us pass now to a 
sample of critical acumen. 

In arguing against Hamilton and Mansell in § S6 I have said : 
“It is rigorously impossible to conceive that our knowledge is a 
knowledge of . appearances only, without at the same time con- 
ceiving a Reality of which they are appearances; for appearance 
without reality is unthinkable. ” On page 121 of his work Pro- 
fessor Birks, quqting the last five words of this sentence, con- 
tinues, “This IS true, when once the conception of distance has 
been gained by actual experience.” And he then proceeds to 
comment upon visual impressions, illusive and other. Again 
on page 135 , when criticising, my argument concerning the in- 
destructibility of matter, Professor Birks says : 


Matter, asknowable, js declared to be not the unseen reality, but the sen- 
sible appearances. or phenomenal matter alone. Phenomenal matter, it 
appear-s from daily and hourly experience, appears and disappears perishes 
and IS new-created continually. . . . The cloild vanishes the staF^^ 

evaporates, the ship melts into the yeast of waves? 
^ comes to an end. The substance may last in 

appearance is gone. . WsT by 
the theory* of Matter, the Noumenon we know nothing, and therefore oannA? 
know that it is indestructible. Of Matter, the Phenomenon, ^ 
much, And one main thing we know of it, proved brhourlylxpwienc?^^ 
that It both may be and continually is destroyed. For an appearance Is ’de! 
stroyed and perishes, when it ceases to appear ” appearance is ae- 


lu which sentences, as in all accompanying sentences coveriner 

is thk ^ofessor S ideltiflel 
® philosophical sense with appearance in the 

SiitA expressions and arguments 

make manifest the fact that Professor Birks thinks the meaning 

that’^mnPp.?°hv“f discussion is no wider thaS 

tliat implied by its derivation— something visible! Sounds 
smells, tastes are in his view not phenomena, nor are touched 
pressures, tensions. And hence it results that since Xn 4 



APPENDIX. 



poinid of salt is dissolved in water it ceases to be visible, its 
existence, phenomenally considered, ends — its continued power 
of affecting our senses by its weight to the same extent as before 
the soliiti()n. not being considered as a phenomenal manifesta- 
tion of, its existence I 

In §46, when commenting on the mental confusion which 
inctapliysical discussions often produce, I have ascribed this in 
part to the misleading connotations of the words “appearance” 
and “phenomenon,” and after illustrating this have said : 

“ Sotliattlie implication of uncertainty has infected the very word appear- 
ainee. Hence, Phi fosophy, by 0ving it an extended meaning, leads ns to think 
of all our senses as deceiving us in the same way that the eyes do ; and so makes 
us feel ourselves iloating in a world of |:>hantasms. Had phenonienon and ap- 
pearance no fiueli niiBleading asso(uations, little, if any, of this mental eon* 
f usion would result. Or did we in jilace of them use the term e ffect , which is 
equally ai>plical>le to all impressions produced on consciousness through any 
of the senses, and which carries with it in thought tlav necessary correlative 
mme, with which it is equally real, wo should be in little danger of falling 
into the insanities of idealism. ” 

Tins caution wits intended for the general reader. That it might 
be needed by one who should undertake to deal with the work 
critically never occurred to me. Not only, however, does it 
seem tli'at Professor Birks (who quotes the last three words of 
the paragi*aph) needs such a caution, but it further seems that 
tlie caution is tlirown away upon him. For just those misin- 
terpretations of tlie words above x)ointed out are the misinter- 
pretations he makes. After this I shall, I think, be absolved 
from examining further his metaphysical criticisms. 

Of his criticisms upon various of the physical doctrines which 
this work contains 1 will notice two only-— the one because I 
wish, to repudiate a view which, spite of abundant evidence to 
the contrary, lie ascribes to me, and the other because, based as 
his statement is on a fact which he misinterprets, it is desirable 
to give the right intei’xiretation of it. On page 188, Professor 
Birks says : 

“ThifEssenceof the doctrine held hy Mr. Grove, Dr. Tyndall, and Mr. Spencer. 
au<l which tiu?i last has madti the foundation of hi.B whole theory of Physical 
FatuliHiii, is that tli(‘r(^ is, eviu-y moment, an unchanging total of Force, 
whiith never varies in amount, while it iticessantly changi^s its form. The 
Force, tlum, which p<*rsi.sfcK, must bo a present existence. Btit Potential 
Energy is tiotliing of tlie kind. It is the sum of trillions of trillions of future 
possiliUitlfw of force, raging through trillions of trillions of diiterent future 
intervals of time. ” 

Now the tacit implication hcn’c is that I accept the doctrine 
.of Potential Energy, The men of science named, with'^many: 
others wlio might b© added, hold tliat the total quantity of force 
remains constant. Against these it is urged, that energy" in ^ 
becoming potential (teases -to- -exist, a.nd that therefore the doc-' 
trine is untru<3. And being represented. as bolding this, doctrine 
dri' coinmon with them, 'I am said to, have based my general ; 
fabric of- conclusions upon a fallacy, , In tlie first' place I, have-;' 
"to "' ask ' on ,wliat authority. Professor Birks assunies, that I hold,' 
the doctrine of Potential Energy in theway in.which-it .is. held: 
by those named? And in the second place I have to ask how it 
happens that Professor Birks, elaborately criticising my views' 
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step bv step, deliberately ignores the passages in which I have 
repudiated this doctrine? In the chapter on “The Continuity 
of Motion” I have, at considerable length, given reasons for 
regarding the conception of Potential Energy as an illegitiniate 
one and have distinctly stated that I am at issue with scientific 
friends on the matter. Devoting, as Professor Birks does, Jus 
chapter entitled “The Transformation of P'orce and Motion” to 
the incongruities which result when the doctrine of the Persis- 
tence of Force is - joined with the doctrine of Potential Energy, 
as commonly received, it was doubtless convenient to assume, 
spite of the direct evidence to the contrary, that I accept this 
doctrine and am implicated in all the consequences. But there 
can be but one opinion I’especting the honesty of making the 
assumption. Let me add that my rejection of this doctrine is 
not without other warrant than my own. Since the issue of 
the last edition of this work, containing the passages I have 
referred to, Mr. James Croll, no mean authority as a" mathema- 
tician and physicist, has published in the Phtlomphical Maga- 
zine tov October, 1876, p. 341, a paper in which he shows, I think 
conclusively, that the commonly accepted view of I^otential 
Energy cannot be sustained, but that energy invariably j-emains 
actual. I learn from him that he had in 1867 indicated briefly 
this same view. 

The remaining case, above adverted to as calling for comment, 
concerns ray motive for suppressing a certain passage in the 
chapter on “ Ultimate Scientific Ideas” and substituting another 
passage Before proceeding to state the reasons for this substi- 
tution, and to disprove the inferences which Professor Birks 
draws from it, I may remark that it is usual in literary criti- 
cisms to judge an author by the latest expression of hiS views. 
It is commonly thought nothing but fair that if he has made 
an error (I say this hypothetically, for in this case I have no 
error to acknowledge) he should be allowed the benefit of any 
correction he makes. Professor Birks, however, apparently 
thinks that, moved by the high motive of “ doing God ‘service, ” 
he is warranted in taking the opposite course— perliaps thinks, 
indeed, that he would fail of his duty did any regard for gen- 
erous dealing prevent him from making a point against an op- 
ponent of his creed. 

But now, saying no more about the ethics of criticism, I pass 
to the substantial question. In the first place, I have to point 
out that m the passage suppressed I have not said that whioh 
Professor Birks alleges. He represents me as asserting “ that grav- 
tation is a necessary result of the laws of space” (p. 237). I 
nave asserted no such thing. He says There can be no a priori- ■ 
necessity that every pa.rticle should act on every other at at, 
every distance” (p. 332). I have nowhere said, or even hinted, 
that there is any such a priori necessity. The notion “that 
gravitation results by a fatal necessity from the laws of space, ” 
which he ascribes to me (p. 229) is one which I should repudi- 
ate as utterly absurd, and one which is not in the remotest waV 
implied by anything I have said. What I have said is that 
Lignt^Heat, Gravitation, and all central forces vary inversely 
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as the squares of the distances,” and that^tliis law is not simply 
an empirical one, but one deducible mathematically fronn the 
I'clatioiis of space.” Now what is liere said to be deducible 
matlieinatically from the relations of space V” Not a thing, or a 
force, but a lav). What is the law here said to be knowable a 
prioHf Tlie law of variation of any or every central force. 
'And what is alone included in the assertion of this a priori 
law? Simply this, that given a central force and such is the law 
according to which it will vary. Nothing is alleged respecting 
the existence of any central force. Does Professor Birks con- 
tend that if I say that light proceeding from a centre necessarily 
varies inversely as the square of the distance I thereby say that 
the existence# of light itself is Imown a jjrion as a result of 
space relations ?■ When I assert that of the heat radiating in all 
directions from a point the quantity falling on a given surface 
necessarily decreases as the square of the distance increases, do 
I tliereby assert the necessary existence of the heat which con-^ 
forms to this law? Wliy then do I, in asseiding that the law of 
variation of gravity ‘‘results by a fatal necessity from the laws 
of space” siinultaneously assert “ that gravitation results by a fatal 
necessity from the laws of space”? Professor Birks, however, 
because I assert the Jirst^Bays I assert the second. My jiroposi- 
tion, “Central forces vary inversely as the squares of tlie dis- 
tances,” lie actually transforms into the proposition, “There is a 
coBmicaliorcG wliicli varies inversely as the squares of the dis- 
tances.” And debiting me with the last as identical with the 
first, proceeds, after his manner, to debit me with various re- 
sulting absurdities. . , . 

Having thus shown that the passage m question contains no 
sucli statement as tliat wdiich Professor Birks ssys it contains, 

I go on to show that 1 have not removed this passage because 
1 have abandoned the belief it embodies. Clear proof is at hand. 
If Professor Birks will turn to the “ Eeplies to Criticisms, ” con- 
tained in the third volume of my “Essays : Scientific, Political, 
and Speculative ” (pp. 3M-51B7), he will find that I have there 
defemled tlie above proposition against a previous attack ; and 
assigning, as I have done, justification for it, I have sliown no 
8if,m of reliiKiiiishing it. Why, then, Professor Birks will aslc, 
dirt I luako tho ehango in question? Hart hi8 mental attitude 
been other than it is he might readily have divined the reason. 
'Knowing, as lie seemingly does, that this doctrine which he 
criticises had been already criticised in a similar manner (for 
otherwise lie would scarcely liavo discovered the change 1 have 
made) , ho might liave seen clearly enongli that tlie passage was 
siirairesaed simply to deprive opj aments of the opportunity of 
evading the general argument of the chapter by opening a, side 
issue on a point not essential to its argument. _ . 

Tlie chapter has for its subjeot certain incapacities of the hu- 
man mind— a subject, by tho way. on which theologians ^are 
never tired of enlarging when it suits their own purpose, but on 
which an antagonist may not enlarge without exciting their 
anger. Various examples of these incapacities are given to jus- 
- tify and enforce the conclusion drawn. Among these was orig- 



492 ' 


FmST PRINCIPLES, 


' iBally, inclxided 'tlie ' example in question. I!isrepresc:"‘nting it as 
'Professor Bir,ks nvisre presents it, aiiotlier writ.tn* liad Ix-fore him 
similarly based on hismisnqyresentation Huiidry auir»iade«*rsions. 
Though still regarding tlie statement 1 liad fietnaily nuul(‘ (not 
the one ascribtHl to me) as valid, 1 conchuh'd that It would lx? 
best to remove the stumbling-block out of the way of future 
readers, and therefore decided to re|»Ia,ee illustration I>y an- 
other. Tlie rest of the chaphrr remains exactly as it was, and 
its argument is not in the remotest dt^gree alTect(*d liy this suh- 
stitiition. Nevertliele.ss, Pr<>feBsor Birks, wrongly describing tluj 
nature of the illustration, and wrongly attribut ing the I'luuovul 
of the illustration to change in my belief, also wrongly <’onv(*ys 
the impression that the doctrine which the illustndhm i-onta inial 
had some vital connection with the general argunHuit of the 
cliapter and witli tlie doctrine of t;lui work, an(l b\^ corjv<‘ying 
tins impression calls forth (exultation from r(‘Iigious |K*rio(licais" 
.Were I to deal witli Professor Birks’ J.iook pagt* by page, a 
much larger book than his would he i-cfiuired to (rxiioHis his in is- 
Btatements, jxu’ versions, (confusions. Tiu* abovic iiXjim|)h«H must 
suffice. I will add only tliat in one b(*lief of Iiis I (‘ordially 
agree with him. At thri close of his prefru^e la'* sa..yH* 'Vf tliinK: 
that tliosi*. wlio take the pains to nnul uiy strirdun^saud eom|jare 
them with tlie staffiments of tlie work to which tlay ttr<*a re|)ly 
will find the (‘tfort repa.id liy a (diyirer a|)|u*eh(*nHloii of the toje 
icB in dcibate." And I venture to join witli this tlie <‘X|>reHHion 
■of my lielief that if readers follow Prof(‘ssor Birks’ tmdf' sugges- 
tion ‘‘a, clearer aiimrfdtensh-in of the- topics in debate” .will not 
result from acceptance of his criticisms. 
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Effects, multiplication of : (‘vi« 
deuce from astronomy, BOO- 
8; heat, 808; geology, 807- 
71, 874-0; meteorology, S09, 
871 ; embryology, 872-4 ; 
botany and zoology, 874-0 ; 
philology, 876 ; psychology, 
877-8 ; sociology, 880-4 ; co- 
rollaiy from persistence of 
force, B84r-6; final summary, 
46t 

Ego and noxi-ego, 128-80. 

Egypt, artistic develoTHiient 
ill, 295-0. 

Electricity : transformation in- 
to otlier modes of for<;e, 169, 
171 ; rhythm of the current, 
214. 

Elie de Beaumont, , tlie 
earth’s irregularity, 174. 

Embryology : connection l)e- 
tween vital and pliysicai 
forc(‘B, 178; exempli lies pro- 
gr<;3Hsive integration, 262-6 ; 
increase in litdierogcmeity of 
all organisms, 281-4 ; definite- 
ness of niainmalian develop- 
ment, 809-12; instahility of 
the homogeneous, 847-58 ; 
multiplication of efft?cts, 872 
-4, ; sex dependent ' on incd - 
dent for<x*s, 878; Kirkman’s 
criticism, 474. 

Emotions, (see Psychology) . 

Energy ; “ actuaP^ ami “ ]K>ten- 
tial,” 154, 157, 159; the au- 
thor assumed to hold doc- 
trine of potential, 489. 

Engine, (see Mechanics). 

Fmiazoce develo|>m<vnt of, 878. 

E<jiiillb:ni.tion : four orders of,' 
410; law su|>|>orted fi’om as- 
ironon ly , 4 1 8 4 7 ; geology, 

417-19; iilology and physi- 
ology, 4 19-28 ; pHy(;hology, 
428-7 ; sociology, 427*88 ; 


and persistence of force, 
488-6'; summary, 462. 

E(|uilibrium, uiistabltj, defined, 
887. 

mobile , instances 
of, 409, 411. 

Er'ror, <!eliniti<">n of, 71. 

Ethnology ; evolutioii of nian- 
kiiid, an incr<‘ase in ludero- 
gcmdty, 288 ; th(‘ savage and 
tl i o hhi !•(') } H ‘at i < *oi n p; tr< *d, * 87 7 ; 
segregation of iihysical and 
psychical coiaiitituiH, 40t“5. 

Eti ro.pe, nat.. i on al in tc^gration 
in, 2(57, 479. 

Evolution : su fieri or to the 
word invol.utioii, 242 ; an 
integration of nmttt,‘r and 
diHsif'iation of motion, 242, 
258; 'simple and compound, 
242-5, 249-52, 277 ; wiilt dis- 
solution tlie tot'Jtl liistc.iry of 
existence, 258 ; cbaixu’terized 
by cohennu'e, 276 ; relatives 

, nature of the del'iiiiiion of, 
278; a- eliange fn>m a,ri ,in- 
c<')b<‘renfc honiogruseity to a 
erdionait iMderogenelty,, etc. , 
808; in(,u*eaHe in deludteness 
a secondaxy .phenonumon, 
829; a change from an in- 
detinite, incoh<*rent;, liomo- 
g(‘n<*ity, etc., 829; final 
definition, 888; iim'sistenee 
of force iiraierlif*H plumomena 
of, 888, 450-8; rcHolutionsac- 
com| lany i xig i’( -d istr I bu ii onS' 
of n'iatie'r !i;H,>t:ion, 886; 
aid rendered by nndtiplica- 

tion of idTects, 864- 6 ; which 

is d(aiuidl.)le front persistenca 
of force, 886; a rendered 
by Hegregat,ion, 886-98^; ro- 
iiLtion "hi law, of enuilibra- 

tion, 497 18; 'Ciiti end only In 

the grtmtesi perfixdtoin 486; 
m 'U t u a 'I ly iiitf‘rdf»|MUident 
witlt .('lisHohdirin, 486 ; 'eonsid* 
eriHl univt'fsiilly willi dissolu-, 
lion. 445-ff2, 468 , the final sum- 
mary, 457-9; urilvi;*?Hiility of, 
459*60; justified.. Ity uiiiica- 
tion 'of .develititlng 'know!- 
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edge, 465-6; the formula 
criticiBed by Tait, 471-'7; 
Kirkman, 478-7 ; M. Arnold, 

476 ; No7^th A ^mrican lieview, 
476 ; T. E. Cliffe Leslie, 477- 
83 ; M* Gutlirie, 484*-6 ; and 
Birks, 186-92 ; traits associ- 
ated in the definition must 
be considered as a whole, 
478 ; is dependent on con- 
ditions, 481, 488. 

Existence, the cognition of, 
58-5. 

Explanation, limitation of, 
57-61, 

Eye, development of the, 853, 


FAOUI.TY, capacity and desire 
usually associated, 880. 
Fashion : rhythm of, ^ 228 ; 
progressive heterogeneity of 
dress, 479. 

Fibrine, number of atoms in, 


847. 

Figures, mental development 
and, 146. 

Fiji, belief in ruler’s unlim- 
ited |)ower, 8. 

B^irat Cause, {see Cause, the 

Flint implements, lack of 
precision and definiteness, 

; 818 . ■ 

Food, equilibration of quan- 
tity to force expended, 420- 
22 

B^orce: incoinprehonaibility of, 

49-51 ; underlies time, space, 
matter, and motion, 141 ; the 
intrinsic and extrinsic forms 
of, 158-60 ; persistence of re- 
lations among various forms 
of. 164 ; the various forms 
qualitatively and quantita- 
tively correlated, 166-71 ; 
resolutions accompanying re- 
distributions of matter and 
motion, 886; heterogeneous 
effect of action on homoge- 
' neons, aggregate, ; and 
■the ftiultmlied effects, 862-6 ; 
Tait’s demitions of, 472. 


Force, persistence of, (see Per- 

■•■■sistence). ' 

Forces: of attraction and re- 
pulsion symbols, not real- 
ities, 189-90; persistence 
of force underlies parallelo- 
gram of, 208; persistence of 
relations among, a philo- 
sophical truth, 281. 

Forces, the transformation and 
equivalence of : shown in 
astronomy. 171-3 ; geology, 
178-6; biology, 176-8; psy- 
chology and physiology, 178 
-85 ; sociology, 185-7 ; corol- 
lary from persistence -of 
force, 187 ; a philosophical 
truth, 282, 

Genebauties, when unsug- 
gestive, 478-7. 

Geology: the transformation 
and equivalence of forces, 

• 173-6; laws of motion, 194- 
0 ; rhythm of aqueous and ig- 
neous action, 218-21 ^ changes 
undergone by species, 223 ; 
segregation of silica in por- 
celain clay, 247 ; terrestrial 
integration, 260-2 ; and het- 
erogeneity, 279-81 ; the I'OC- 
ord‘ consistent with evolu- 
tion from simple to complex, 
284-7; indefinite heteroge- 
neity of earthquakes, 808; 
increased definiteness infer- 
able from terrestrial struc- 
ture, 808-9 ; molar motion 
originating in molecular, 
822 ; redistributions of mo- 
tion from earth’s evolution, 
825; heterogeneity of trap 
rock, 889 ; physical effects of 
instability of the homoge- 
neous, 845 ; also chemical, 
846-8 ; multiplied effects of 
diminishing terrestrial heat, 
867 ; and of aqueous and at- 
mospheric agencies, 868-71; 
probable effects of upheavals 
in East Indian archipelago, 
878-6 ; segregation of aque- 
ous and igneous action, 894- 
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6 ; equilibration illnstratecl, 
417-20 ; also law of dissoltj- 
tion, 442-4 ; the earth's dis- 
integration, 444. 

Glass, molecular effect of an- 
nealing, 240. 

Government : authority and 
functions of, 3-8; evolution 
of, marked by increasing het- 
erogeneity, 289-91 ; also in- 
tegration, heterogeneity and 
definiteness, 338; and by 
equilibration, 431-2. 

Granite, segregation of, 305. 

Gravity ; incomprehensibility 
•of, 50, 87; shows “latent” 
and “perceptible” activity, 
155 ; terrestrial etfectaof, 173 
-6; effect on vascular sys- 
tem, 198. 

Grove, Sir W. R., The Cor^ 
rdation of the Fhi/dml 
Forees, 17(1 

Growth : laws of motion exem- 
plified, 19(5-200; xxniveiml 
presence of, 238; integration 
of, 240 ; sliows molecular 
becoming molar motion, 332. 

Guthrie, M. On Mr, Spencf^^s 
Formula of Evolution, 4B3-6. 

Hamilton, Sir W. R. : tlie 
philosopliers agreeing in rel- 
ativity of knowledge, 57 ; on 
the absolute and infiriih^ (51- 
3, 7J5-82 ; correlatives, 75-7 ; 
trustworthiness of conscious- 
ness, 117. 

Harvests, correlation of vital 
and physical forces, 185-7. 

Heart, the : spiralform of, 197 ; 
mental influences on, 201; 
increasing definiteness of 
development^ 311. 

Heat: or air-breathing ani- 
mals, 110; transformation 
into other modes of force, 
107-9, 171 ; Joule's mechani- 
cal ecjui valent, 191 ; terres- 
trial effects of solar, 173-0; 
a cause of condensation 
or diffusion, 238, 25J9 ; molec- 
ular effects, 240; chemical 


' stability, 248-9; simple and 
compound ' evolution, illus- 
trated, 240-52'; amount pos- 
sesscui by organ isixis, 252, 
253-7;' instability of 'the 
homogeneous, 338 ; multi- 
plied elfects of the terrestrial 
decrease, 315-8. 307 ; ac;tion 
on simpio axul comphLV conx- 
binations, 34'6 ; xw*tion of, oii 
spliere, 309,; aids stgregatioir 
in granite, 395; (,‘<nu libra- 
tion" shown by solar, 415-17 ; 
necessary for organic,: and 
inorganic dissolution, 440, 
4,42,444. 

Helmholtz, IL : <,)n solar heat 
d i if t„x,B i on , 4 '1 0 ; terrmtr ial 

moti<,>,n , xmd the: tidal wavi?, 
418; tlieraxal e("|X',iiva'lent' 'of 
earth's 'i^uotira,!, 

Heredity, thcrinstability of the 
hc,vm<''>geneous, 351-3. ' 

Herscliel, Hir J. F. W, ; a 
rotating ethe,ritil ,nu‘c,li'Um, 
41,5; the,Bi'i,n/s rays the ub 
tirnatc,:: houjxjc',': ^ of nn). 

ti<,>n, 4' 1,8 ; stellar ccmccntra- 
tion, 448. 

Heterogeneity of matter ; its 
incre'ase during'.'' .evolution 
shown by astl*<'">"uorln^ 278';' 
met<'‘.orol< ,igy , 28 1 ; gc'jology , 
279-82; Ixic'iogy with em*, 
l'),'ry(4ogy an'd hofca.riy, 28't-4'; 

, |)ali,H,>n,t("»l.c','»gy', . 284-7 ; sociol- 
ogy, 287-»93 ; etlmology.,' '288 
l)h'nc"»logy, ' 292-5; t'he .aits 
^ and lit(,‘ratuns 295‘-392. 

H(':t(u*c')geneity of motictti, (me 
Motion) . 

Hier(")gly pli ics, 'the devalop- 
mc'ut <,>f, ,294. 

H'inh'jn, J., on' d'i'rc'ction of 
'organic gro’W'Mi, 199-8 

History, 'de,finition of com- 
plete, 235-7. 

HomogeneoiiB, ' instiilnlity: ,of„ 
the; 337*40'; evidence 'from''' 
.median i'Cs,, 3118;. as'tronomy, 
340*5; geobigy, 339, 345; 

(!hemi«try, 338, , ' 34P8. ; me- ", 
teoroiogy,, " 347, ; biology^ , with 
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embryology atid botany, 847 
-58; psychology, 853”-6; 
philology, 854; sociology, 
856-9 ; corollary from per- 
sistence of force, 859-62 ; re- 
lation to segregation, 889 ; 
summary, 460. 

Huxley, Prof. T. H. ; on per- 
sistence of force, 158; Pei'- 
sistent Types, 285 ; osseous 
segregation, 897. 


Ideas: and impressions, 119- 
181, 142 ; advantages of pre- 
liminary, 257. 

Impulsiveness, influences mod- 
ifying, 879. 

India: domestic and political 
fixity in, 814; segregation of 
physical conditions xn, 402. 

Induction, necessary to verify 
deduction, 259. 

Infinite, the,: Mansel on con- 
ception of, 82-86, 68-6, 78- 
8 ; also Hinnilton, 61-8, 78-8. 

Insanity, correlation of the 
mental and physical forces, 


188. 

Insects, tilmsformation of I 
T>hyBical and vital force ex- 
emplified by, 178. 

Integration of matter : and dis- 
integration, 288 ; the pri- 
mary aspect of evolution, 
supported by astronomy, ”60_^; 
geology, 260-2 ; biology, with 
eml)iyblogy and botany, 26^ 
6; sociology, 266-9; phil- 
ology, 269-78; science and 
meteorology, 272; industrial 
and aesthetic ai’ts, 278-6. 
Integration of motion, (see 
' Motion). ; , 

Involution and evolution, the 


■ terms, 242. ' 

Iron, molecular rearrangement 
in, '246. 


Japan, effect of European civ- 
ilimtion in, 488. , 

JoulC 8* mechanical 

equivalent of heat, 171. 


Kant, Im., space and time 
forms of the intellect, 41. 

Kirkman, T. P., on the for- 
mula of evolution, 478-7. 

Knowledge : thought tran- 

scended by, 18; restme 
showing limitations, 55 ; rela- 
tivity of, 69-72; definition 
of complete, 285-7; unifica- 
tion of developing, 465-6. 


Language, (see Philology) . 

Laplace, P. S., on nebulous 
ring development, 348, 898. 

Latham, K. G., on inflectional 
language, 271. 

Laughter, laws of motion ex- 
emplified by, 202. 

Law : of continuity, 48, 48 ; 
uniformity of, 166; the au- 
thor’s belief in universality 
of, 284 ; increase in definite- 
ness of evolving statutes, 
814; developing systems, and 
the formula of evolution, 
482-4. 

Leibnitz, G. W., theory of 
matter, 48. 

Leslie, T. E. Cl iff e, on the 
formula of evolution, 477-84. 

Liberty : general establishment 
of, 5 ; equilibration of, 482, 

Life : and relativity of knowl- 
edge, 69-72; definition of, 


Light : transformed into other 
modes of force, 170 ; com- 
pound rhythm of interfer- 
ence, 214 ; like mode of pro- 
duction with sound, 278; 
segregation exemplified, 892. 
Literature : integration of, 
275; heterogeneity, 802; in- 
creasing truth of representa- 
tion, 819 ; multiplied effects 
of, 884. ^ 

Liver, development of, 811, 
Logic, definition of prtorf 
and “necessary’’ truths, 149. 


Magnetism : transformation in- 
to other modes of force, 169, 
171 ; illustrates laws of mo- 
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tion, 191 ; rhythm of yari- 
atioils, 218; consoquenfc on 
added motion, 246 segi'ega- 
tive power, 388; equilibra- 
tion and the solar- spot cycle, 
410. 

Majorities, usually in error, 3. 
Manifestations, the vivid and 
faint, 119-31, 142. 

Mfamiers and Fashion, essay 
on, 290. 

Mahsel, H. L. : on the first 
cause, the absolute, and the 
infinite, 32-6, 63-6, 73-82 ; 
conceptions of rational the- 
ology, 34; consciousness of 
self, 54 ; attributes being as- 
serted of the absolute, 01. 
Marriages, equilibration to 
means of subsistence, 427. 
Marsiipialia, integration of 
generative system in, 265. 
Materialism and evolution, 
467-70. 

Mathematics : figures and men- 
tal development, 146; in- 
crease in definiteness, 316. 
Matter ; divisibility, 42 ; In- 
comprehensibility, 42-5 ; so- 
lidity, 42 ; theories of Bob- 
covich, 44-5, 49; Leibnitx, 
44 ; and Newton, 44-5, 49 ; 
connection with force, 48-50 ; 
consciousness of, 138 ; inde- 
structibility, 143-5, 148; cre- 
ation and annihilation, un- 
thinkable, 147-8; and space, 
190; indestructibility of, a 
philosophical truth, 231, 234 ; 
molecular motion and re- 
arrangement of parts, 245-B ; 
contained motion in organi<?, 
252-3, 253-7 ; effect of imi- 
forin force on uniform, 
362-6. 

Maxwell, J. Clerk, on Thom- 
son and Tait’s Treatise on 
Nat'imil Philosophy, 472. 

Measurement, unable. to prove 
• persistence of force, 160-2. 

Maclianios : progressive inte- 
gration of maoluaery, 274 ; 


increase in indefiniteness of, 
317, 318; instability of the 
homogcmjous ilhistriitod, J138 ; 
multiplied elhKrts of l<»(;r>niO" 
tive engine, 382; depeiHh'nt 
moving eciuiiibrimn shown 
by steam engine, 410. 

Metaphysics: senses of illusion 
■after reading, 131 ; antago- 
nis.m resulting from word 
real, 132. 

Meteorology : laws of 
'exemplified,. 194-6; also 
rhytlnn of '"motion, 218-20; 
elihctof heat on elonds, 240; 
visibility and audilii'li ty of" 
objects pr(‘e(‘<ling raim 273 ; 
climatic ^db^cis of terrestrial 
irregularity, 2H1 ; definite- 
nesB of |)henomeria erf, 309; 
molar, originating in moh‘c- 
nlar motion, 322"; ri:*dlHtri- 
bvitions of mof.ion causiHl by 
(virth’s evolution, 325 ; in- '■ 
stability of tlie liomogeneous, 
'347; multiplied effc'^cts' of 
solar action, 369 ; |>rol>able 
effecits of Clen tral ' .A m<u*i can 
BtibBi(.l.ence, ,370 ; 8egregati.n;g 
effect of climate, 40L, 

Microscopes, great .exactness 
of, 318. 

Mill, J. ■ B. , on I i m i 1 1("> i ndus- 
trial progniss, 4J10. 

Mmudnmtfin, " int(.»gratlo.n of 
gimomtivo systcun bn 265. 

Morbid growtlw, an inerc^ase 
in indefinite .h<.4eroge.i..iie.ity, 
304-7. , 

Motion: ' ' incomp'rehenBibility' 
of, 4»5-9; relativity, 46;. 
changing to r(.*st, .4'8; con- 
ception derived fr<.>m experi-. 
enc(:*s of fcircji*, 139; continu- 
ity not H('!lf-avidc»nt, '150-1 ; 
Newton hs first. law, 151, 472;' 
“latent’^' and . perceptible/^ 
151-3, 153*6; of 'Celestial' 

bodies and pendulum, 'Ifil-S^;''' 
continuity know.n. In k*rm8''of. . 
.force, 156; 'and involves its 
nersisteneo, 157.,; transformed'' 
into I'leat,' eleO'trIcity, , etc..,' 
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lOO-'Tl ; along line of least 
resistance, 101-2; general 
laws of direction, 192 ; laws 
supported by astronomy, 192- 
4 ; meteorology, 194-6 ; geol- 
ogy, 194-6 ; biology and bot- 
any, 196-9 ; psychology, 199 
-203 ; sociology, 203-8 ; spiral 
direction, 197 ; persistence of 
force underlies laws of direc- 
tion, 208-11 ; universal 
rhythm of, 212-16 ; illustrated 
from astronomy, 216-18 ; 
magnetism, 218 ; meteorol- 
ogy, 218-20 ; geology, 218- 
21 ; biology with physiology 
and pah«6ntology, 221-4, 326- 
8 ; psychology with the arts, 
224-6, 298-302,425 ; sociology, 
226-8, 432 ; corollary from 
l^ersistence of force, 228-30 ; 
final summary, 454 ; continu- 
ity of, a jdiilosophical truth, 
231 ; also law of direction, 
232 ; facility of an aggregate 
to imdcn-go rearrangement, 
243-5 ; through BX>ace, and 
effects of incident forces, 
243-5 ; amount in organic 
matttrr, 252-7 ; integration, 
heterogeneity, and distinct- 
ness of its evolution, 321-4 ; 
shown by geology, 322 ; me- 
teorology, 322, 325; astron- 
omy, 324 ; biology with 
pliysiology, 326-B ; psychol- 
ogy, 328-32 ; x)hilology, 320- 
31; sociology, 332; ‘finally 
results in cessation, 407-9; 
molar, changing to molec- 
ular, and its relation to 
universal evolution and dis- 
solution, 445-51; final sum- 
mary of the laws of 
■ '''direction,' 454. ' 

Mountains : rhythm in rain 
caused by, 219 ; altitude and 
thickness of tlie earth’s 
„ crust, '201, 281, 307. 
Movement, {see Motion) , 
Multij)li€ation of effects {see 
Effects) . ' 

Muscle: transformation and 


equivalence of its action to 
the sensations causing it, 
179-81 ; contraction caused 
by interrupted nerve dis- 
charge, 224 ; equilibration of 
expenditure to nutrition, 
421. 

Music : rhythm of, 225 ; and 
progressive integration, 275 ; 
originated witli poetry and 
dancing, 299-302. 

Natural selection : implies 
change along lines of least 
resistance, 198 ; relation to 
multiplication of effects, 376. 

Nature: Thomson and Tait’s 
Treatise on Natural Philos- 
ophy, 472; “Force,” by Tait, 
472 ; Beckett’s Origi/n of the 
Laws of Nature, 

Nebular hypothesis, (^S'ce As- 
tronomy) . 

Nerves, transverse integration 
of, in annidosa and Crus- 
tacea, 264 ; {see also Psychol- 
ogy). 

Newton, Sir I. : theory of mat- 
ter, 43-5, 49; on force of 
gravity, 49, 87 ; his first law 
of motion, 151, 472. 

Nitrogen : instability of com- 
pounds, 249 ; amount in an- 
imals and jdants, 254: 

North American Ee/oiew, on 
formula of evolution, 476-7. 

Object and subject, 128-31, 
143. 

Orange and Earth’s crust, 368. 

Organic matter, {see Matter) . 

Origin of Species, The, date of 
Xmblication, v. ; “natural se- 
lection” and multiplication 
of effects, 376. 

Ostrich, osseous segregation in, 
306. 

Owen, Sir R., on anoplothe- 
riuni and paleoiherium, 286. 

Pain, varying rhythm of, 226. 

Painting, («ee Arts) , 
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Palaeontology : rliythm of mo- 
tion Bbown by, its 

record consistent with evolu- 
tion, 384-6. 

Pantheism, inconceivability 
of, 26. 

Pendulum : “ latent’’ and “ per- 
ceptible” activity, 151-3 ; al- 
teration of rate by locality, 

Persistence of force ; underlies 
continuity of motion, 157 ; 
transcends demonstration, 
160-3; definition, 163; un- 
derlies uniformity of law, 
166; and transformation and 
equivalence of forces, 187; 
and laws of motion, 208-11 ; 
and rhythm of motion, 228- 
30 ; a plulosophical and xmi- 
versal truth, 231; underlies 
jdienoniena of evolution, 
335 ; an<l instability of tlu^ 
homogeneous, 350-62; and 
multiplication of effects, 
384-6 ; and segregation, 404- 
6; and law Of equilibration, 
432-6 ; summary, showing it 
to be the ultimate truth, 
453; and evohition to result 
from, 460-3, 

Phenomenon and appearance: 
their misleading associa- 
tions, 131 ; misinterpn4;ed by 
Birks,488. ,■ 

Philology ; language and the 
dispersion of mankiml, 11; 
errors of verbal misintc^rprc- 
tat i on , 1 3 1-5 ; i n t<.AgratioM , 

shown by agglutination of 
language, 269-73 ; by fewer 
number of syllabios, 270; by 
increasing "Cohe,rence, .. 271 ; 
and greater complexity of 
sentences,' 272,; incoherenc(3 
of Gin’nese, 271; Latliam on 
inflec-tioiu'il " languages, 271 ; 

, . completencjss of English lan- 
guage, 293; increase, in' het- 
cuY>g<;3neity of ■ written ' and 
spoken hmgua.ge, 292-5 ; (ki- 
velopment of writing, 297; 
integration, heterogeneity, 


а, nd de:finitenesB of evolving 
speech, 315, 329-32; hetero- 
gene i,ty, ' “ desynony,mization 
of words, 355 ; c^stablislies 
racial comnumity, 377; iin-' 

. suggestivc^ness of a..l>Bii*a.ct 
words, 47fl-7; Leslie on lan- 
gt,iage and la;w of evolution, 
478. 

Ph,ilosoph<n*s, find relativity of 
knovdedge, 57. 

Philosopliy : liypothesis of first 
cause, 30-33 ; Ham i,l ton on the 
absolute ttnd infinite,, 6.1-3, 

■ 73-82 ; also J^fansel, 32-6, 64- 

б, 73-82; '\'aried interpreta- 
tions of, 106-'-8 ; eomp,!etely 
unified knowletigis lOH-l 1 ; 
general ''a,n,d spet’ial, ''111; 
must asHUiiuv iiitititi<>im ih‘<> 
essa:ry to thoug'lit, ,1,13; ai'.Kl 

justify them, 114 6; also as- 

Bin.ne coi,i,H("r'i,(,')u.H'n('*sB' t'-rrist- 
wortliy, 116-18; the postu- 
1 ates adnp tial , .1 3 1 , '142; t * m jrs 
from verbal m is int<‘r|)re« 
tation, 13l-"5 ; re’lal'ion to 
science, 231-5; nkfimUyt ilus 
la'WB exmstituting it, '232 ; 
should Htiek law 'of continuous' 
redistribut'ion of matter and 
motion, 235; and nnify Ivis- 
tory of exiHh,‘,neeK, 235-7; 
fornm la. i n usl; coi n| irifa mtl 
evolution and diffimion, 235 ; 
in<luct.iot,i ncM,‘eHsai,y to vc'*ri'fy 
deduction, 259; surnmaiy of 
i'ts r(,*lati<',>,n to evo'l,ut,ion a^nd 
disHol;,'it,io'r'i, 4.53'-'7 ; toHcdifiice 
and religion, 464 ; and , eon- 
c,!lusi<'),n, with ih,e' doctrines 
re-Ht4ite'd, 467-76. 

PlioHph(,>rus i'U th(V lira in, 182. 

Physiology ; knmemg, . Itliis-' 
trated hy 'j'lrcjeeHHes of,'' 59;' 

. transfornmt'io'n and e('n;d,va- 
of • ,forceH, 17IL83''; 
rhythm of '• .motion, '221 ; in^ 

' encasing defli'j i hmew of,, ' 318 
integrat'lon ,of ', alimeatiiry^ 

■ canal, 32f,b8 correlation , 'of 
organs 'to functlO'ias, ■ 419-23..-..' 
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Physiology, Transcendental, 
and Origin of Species, dates 
of publication., v., vi. 

Piano, tbougbt and concept of, 
80. 

Pleasure, varying rhythm of, 
226. 

Poetry ; rhythm of, 225 ; orig- 
inated witli music and danc- 
ing, 299~m 

Political economy, rhythm in 
the processes of, ^ 226-8. 
Population : equilibration of, 
427, 480 ; dissolution shown 
by decreirse, 489.' 

Pressxire, hypothesis of an uni- 

PrMcipMof Biology, general 
aim and scope, xiv. 

PnncijMs of Morality, general 
aim and scope, xvii. 
Principles of Psychology, gen- 
eral aim and scope, xv. 
Principles of Sociology, gen- 
eral aim and scope xv. 
Printing, the development of, 
‘397. 

l-^ogress, its Law and Canse, 
and Origin of Species : dates 
of publication, v. , 284. ! 

Protei n , characteristics of, 
252-4. 

I^hrotestantism and Catholicism, 

97. 

Protozoa y extreme indefinite- 
nass, 812 ; and lack of dilfer- 
■ entiated parts, 848. 
Psychology : knowledge tran- 
scended by thought, 12 ; act- 
ual and symbolic boncep- 
tions, 21-4 ; Mansel on the 
absolute and infinite, 82-6, 

: 64-6,' ' 78-82 , consciousness 
only conceivable as a i‘ela- 
tion,— Mansel, 88 ; duration 
of consciouBness inconceiv- 
able, 51-8 ; also its substance, 
58-6 ; relativity of cogni- 
tions, 57-61, 112-14 ; Haniil- 
ton on the absolute and infi- 
nite, 61-^1, 78-82 ; likeness 
implic‘d l>y complete act of 
consciousness, 66-8 ; the defi- 


nite and indefinite forms of 
consciousness, 78-7, 79 ; the 
belief in the actuality be- 
hind appearances, 78-82 ; for- 
mation of a thought shown 
by concept of piano, 80 ; phi- 
losophy must assume con- 
sciousness trustworthy, 116- 
8 ; the two classes of mani- 
festations, 119-81; relation 
the universal form of 
thought, 185 ; experiences of 
force underlie modes of con- 
sciousness, 141 ; recognition 
of “necessary truths, ” 145-7 ; 
the conception of force, 160; 
correlation and equivalence 
of physical and mental forces, 
178-85; the laws of motion 
exemifiified, 199-208 ; also 
rhythm of motion, 224-6, 
209-802, 425; the integra- 
tion, etc. , displayed by 
evolving phenomena of, 828- 
81 ; instability of the homo- 
geneous exemplified, 852-6; 
also multiplication of effects, 
877-80 ; persistence of force 
underlies assertion of dis- 
similarity, 885 ; segregation 
of developing nerve struc- 
ture, 899-401 ; and of men’s 
affinities, 401-^8; equilibra- 
tion shown by moral and 
nervous adaptations, 428-7; 
rhythm exemplified by, 425 ; 
mental defects from study- - 
ing one group of sciences, 
477. 

Pythagoras, philosophy de- 
fined by, 106. 

Railways: rhythm of trains, 
218 ; integration exemplified 
by clearing house, 268 ; mul- 
tiplied effects of, 882. 

Real, definition of, 182-5. 
Reform, contrasted with con- 
servatism, 482. 

Religion: relation to science, 
8-10'; universality, .and .in- 
dependent evolution of, 10- 
18 ; antagonism sliown to 
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science, 13-16 ; the subject 
matter transcends experi- 
ence, 13; the fundamental 
•verity of its varied forms, 
13, 103 ; the discovery of 
whicli would aid its devel- 
opment, 16-19 ; can only 
coalesce "with science in 
some abstract truth, 18 ; the 
various ci*eeds delined, 36; 
the underlying? mysteiy, ab- 
solute, 36-9; summary rec- 
onciling it with science, 83 ; 
its gi^adual purification, 83-6 ; 
instances of its irreligion, 85 ; 
the purification effected by 
science, 85-8 ; a necessary 
correlative to science, 88-91 ; 
the ultimate cause utihnow- 
able, 91-5 ; and of which no 
attributes should be asserted, 
91 ; its approximation to tluj 
trutli deptindent on cemtean- 
porary mental development;, 
98-101 ; its imixrfections 
relatives, 98-103 ; advantages 
of conservatism in, 98-l()i ; 
toleration ne(3dful in deal- 


ing witli its beliefs, 101-4 ; 
rhythm displayed by, 337; 
heterogeneity shown by its 
evolution, 389-91 ; religious 
character of <!a.rly art, 396 ; 
tlio poetry, music, and danc- 
ing, of its ancient festi vals, 
399; suinrnary of its ridation 
to pldlosophy and schmee, 
464 ; and conclusion with 
doctrines re-stated, 467-70. 


Respiration, explained to illus- 
; trate knowing, 59. . 

Rest, clianging to motion, un- 
thinkal)l6, 48. 

Rhizapods, without limiting 
membrane, 348. 

, Rhytlnn, (me Motion). 

Rivers, lateral undulations of, 
213. . 

Roads follow line of least re« 
sistancti, 305. ' 

Riil(‘rs, y ariisd lnf;crf)retationB 
of their origin a, ml power, 


Salutations, the heterogeneity 
of tlieir t:‘volut;ion, 39(1 

Sand, rliythm shown l:>y ridg- 
ing of,* 315. 

Scales, instaliilily of IIk*- iiomo- 
geneous <'ev<‘mj>lilie.d by,' 33'H. 

Science • general justification, 
bl-6 ; a higher (h*v<‘iopment 
of c<>nunon kiiowicdg<\ I i ; 
is prevision, 15; <l(‘er<*ases 
superstition, 85 ; Instanees of 
its being unseieiif 87; is 
|»artiaily uniOetl knowledge, 
108-11, 466; rliythm ^>1^ its 
varied eras, 33H;,ai'Hl iilvilos- 
o|,)hy, 331-5; it.s ])rogT(i‘Ssiv(; 

integration, 272 3 ; "mut:«al 

interdeiiendence of^ its divi- 
si on , 37 ’ 7 ; i m? ri*; i s<m n ' 1 n »t i » ro - 
geneiiy, 3t)3; and <Ieflnite- 
ness, * 317-9; C'Xmnplifies 
m ulti } )1 ictit ion of idrfHdx, 
384; final summary of its 
relation to philosophy and 
religion, 4h4 ; and <’oiiclu* 
siou witli tla,^ doetrim:,‘H^ ,re*' 
stated , ^1 67“ *7 0 ; 1 1 a ‘ n ta 1 il i s ■ 
(upline of, 477; (sec oko 
Eeligioii). 

Bcuplture, (see AriH). 

■ Begregation ; , the .varied nuodes 
of' action of, 387-93; IIIub-' 
trated from magnet ism, 388; 
cliemistry, 393;'ligid', 393; 
astronomy, 393 geology, 
394"' <>; biology with osteol- 
ogy, 7i96''''9; psychoh.igy, 399- 
4 ol , 40 1""3 ; n a l.tH.irotogy , ■ 

401 ; Boei'ology, witli ethnol^>’ 

ogy.afld anti tropology, 4<J'1 3 ; 

rhuMi}, 404'-'6; 'linul 'sum- 
mary, 461, 

Bell, its (Sign i lion' frirldi.ldtm 
l>y nature* of tliougltt, 53-0."' 

Belf -ereatii m an. i n<'< mcei vable 
hy|;)otli(,‘sis, 36. 

Belf"e.xiKh‘nc't,', an ,i.m*onceiV'* 
alile liV"potln*siB, 34-0, 

Bex, ami tlU'^ (.•niliryo, '304. ■ 

Ship :■ ridativlty of i not ion, 40 ; 
rliythm of motion, 3:13. 

Shops, . !.nt(:?gration clisplfiyed 
'by, 480, 
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Small-pos:, multiplied eiBteots 
of, 373. ' 

Sociology : transformation and 
equivalence of the social, 
vital, and physical forces, 
184-7 ; liiws of motion illus- 
trated by a society’s growth, 
203-5 ; by localization of in- 
dustries, 204 ; by barter, 
etc., 204-() ; and by com- 
merce, 206-8; exemplifies 
rhytlim of motion, 226-8, 
432; progressive integration 
of societies, 266-9 ; the in- 
crease in heterogeneity of 
civilization, 287-92 ; and in 
the definiteness of an evolv- 
ing society, 318-15; increas- 
ing definiteness of , 318; inte- 
gration, heterogeneity, and 
definiteness of social evolu- 
tion, 332; the instability of 
the homogeneous, 356-9; 
multiplication of effects, 379 
-84 ; segregation, 401-4 ; 
equilibration, 427-32 ; la%v of 
dissolution conformed to by 
an evolving society, 437-40. 

Sound and light, their like 
modes of production, 273. 

Space : without limit, incon- 
ceivable, 12 ; also its non- 
existence and creation, 28 ; 
wliolly incompreliensible, 39 
-42; its inconceivability an 
argument for relativity of 
knowledge, 78; experiences 
of force underlie conscious- 
ness of, 135-8; how distin- 
guishable from body, 158, 
189. 

Species: rhythm in increase 
and decrease, 222 ; mknon- 
tological evidence, 223 ; are 
they becoming more defi- 
n itely marked ? 313 ; instabil - 
ity of tlie hotnogeneous, 352 ; 
also segregation, 398; and 
'equilibration, '423.' ^ 

Sphere, action of radiant heat 
on, 360. 

Spiritualism ' and evolution, 
467-70. 


Sponges, general indefmiteness 
of, 812. 

Statue, intrinsic and extrinsic 
absurdity exemplified by, 
475. 

Stephenson, G., on solar rays, 
418. 

Stewart, B. , and P, G. Tait, 
The Unseen Universe, 471. 

Subject and object, 128-31. 

Substance, (see Matter). 

Sugar, segregation in pre- 
serves, 249. 

Sun, the: varied terrestrial 
effects, 173-6 ; plant-life de- 
pendent on, 176 ; inspiration 
increased by, 180 ; correlation 
of social and physical forces, 
186 ; redistribution of motion 
effected by, 322 ; its reserve 
of force, 415-7. 

Supply and demand, 428-30. 

Tait, Prof. P. G., The Unseen 
Universe, 471 ; on the formula 
of evolution, 471-7; lecture 
on Foi’ce, 472. 

Tape worm, development of, 
373. 

Temperature, (see Heat) . 

Tension, tlie hypotliesis of an 
universal, IS’O-Ol. 

Theism, hypothesis inconceiv- 
able, 27-30. 

Theology, Mansel on funda- 
mental conceptions of ra- 
tional, 34 ; also Keli- 
gion). 

Theories, the basis common to 
all, 37. 

Tide, Helmholtz on terrestrial 
effects of, 418. 

Time : incomprehensibility of, 
39-42 ; relativity of knowl- 
edge shown by, 78; con- 
sciousness of, arises from 
experiences of force, 135-8. 

Top, equilibration of spinning, 
409. 

Trains, (see Eailways) . 

Transcendental Physiology, and 
Origin of Speeies : their dates 
of publication, v; chapter 
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on “ instability of the homo- 
geneous” a development of, 
38*7 ' 

Truth: definition of, 71, 115; 
a “necessary,” 145-7 ; “a 
priorf'’ and “ necessary, ” 149 ; 
words expressing the highly 
abstract unsuggestive, 478-7. 

Tuning-fork, persistence of 
force, S28-30. 

Tyndall, Prof. J., on the 
rhythm of motion, 214. 

Universe, the : hypothesis of 
self- existence, 24-6; of athe- 
ism, 25; of self-creation, 20; 
and of creation by external 
agency, 27-80. 

Unknowable, the : 8-104, 464 ; 
the ultimate cause is, 00-5 ; 
the two. classes of its mani- 
festations, 118-81 ; sum- 
mary of its relation to the 
knowable, 464. 

Unseen Universe, criticism of, 
471. 

Unstable equilibrium, defi- 
nition of, 887. 


Yarnish, effect of drying, 8S9. 
Vascular system; influenced 
by force of gravity, 108 ; het- 
erogeneity of its evolution, 


; 826; and multiplied effects, 

" '827. 

Velocity, intermed i iite degrees 

■ of a changing, 48, 48. ■ 

Vertehrata: ' trans'vers«3 a:nd 
longitudinal integration of, 
2C'l-f) ; also lieterogerieity of 
osseous system, '287. 

Vessel, {see Ship) . 

Vision deceptive when unveri- 
fied by touch, 181, 185. 

Volcanoes : laws of motion 
illustrated by, 106; rliytlim 
of eruptions, 210. 

Watch, tlieological similcs' 02. 

Water: laws of inotuin 'shown 
by, 105 ; rhytiim caused , in 
opposing ol::)j (;■»(,! ts l:>y, 212, 
2l5 ; organ ic ’ rcitlistri* laitions 
affectfsl. l:,)y, 25»b-7 ; segre^ga-. 
power of, 887, 800, 804. 

Weighing a:nd persistence of 
force, 160-2. 

Weight, popular nuscon'ccq)- 
tions of, 147. 

Whewell, Dr. W., on increas- 
ing defmitenesB of science, 
816-18. 

Wind, segregative action of, 
887-90. 

Words and al')strac;*t , truths, 
472-7; {see also Philology). 

Writing, {see Philology) 




